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ABSTRACT 
One thousand tliree hundred forty soil and root samples were collected from 67 districts 
of U.P. Examination of these samples revealed the presence of Heterodera cajani in 975 
samples while Meloidogyne spp. was recorded in 794 samples. Fusarium udum was 
isolated from 619 samples. Out of 619samples, in 497 samples F. udum was associated 
with H. cajani and Meloidogyne spp. causing a wilt disease complex. Population of H. 
cajani and Meloidogyne spp. was generally high ranging 12-216 cysts and 130-673 
juveniles per 250 g soil respectively. 
Total 103 isolates of fluorescent pseudomonads and Bacillus spp. were isolated 
from pathogen suppressive soils of 67 districts. Identification of Pseudomonas and 
Bacillus isolates were confimied by growing on King's B medium and Casein agar plus 
glucose (CAG) medium respectively. Biochemical tests show that 53 isolates of Bacillus 
may belong to B. coagulans, B. macerans, B. cereus and B. circulans. Tests for the 
identification of Pseudomonas show that out of 50 isolates, 13 isolates may belong to P. 
fluorescens while 23 isolates are comparable with P. aeruginosa. Remaining 14 isolates 
may belong to some other species of Pseudomonas and need further characterization. 
Out of 103, 20 isolates of Bacillus and Pseudomonas (isolated in 2005) were 
tested for their effect on the hatching of Meloidogyne incognita and penetration of M. 
incognita and H. cajani in pigeon pea roots. Effect of Pseudomonas isolates on hatching 
of M incognita and penetration of M. incognita and H. cajani in pigeon pea was found 
inhibitory ranging from 38 to 95 per cent. Isolate Pa324 caused minimum inhibition in 
hatching and penetration while Pa 12 caused maximum inhibition. Similarly, Bacillus 
isolates had 35 to 89 per cent inhibition in hatching and penetration of nematodes. Isolate 
B160 caused minimum inhibition while B270 caused maximum. Four isolates namely 
Pal 16, Pa324, B160 and B18 showed antifungal activity against F. udum. All the 20 
isolates o^ Bacillus and Pseudomonas caused significant increase in the growth of pigeon 
pea seedling except isolate BIS. Maximum increase in the seedling growth was caused by 
Pa 20 followed by B 2 and Pa 324. All the 20 isolates of Bacillus and Pseudomonas 
caused solubilization of phosphate. Maximum phosphate solubilization was caused by B 
2 followed by B 31, B 160 and B 12. Least phosphate solubilization was caused by 
isolate Pa 28. All the 20 isolates also caused lAA production. Maximum lAA production 
was shown by B 2, B 160, B 270, Pa 324 and Pa 233. Least lAA production was obtained 
from B 18. All the 10 isolates oi Pseudomonas showed HCN production. Isolate Pa 20 
showed high production of HCN, 6 isolates showed moderate HCN production while 3 
isolates caused low production of HCN. On the basis of inhibitory effect on nematode 
hatching and penetration, colonization of root and antifungal activity, 6 isolates (Pa70, 
Pfl8, Pal 16, Pa324, B18 and B160) were selected for the biocontro! of wilt disease 
complex of pigeon pea. Isolate Pa324 was found best for the biocontrol of wilt disease 
complex followed by B18, Pfl8, Pa70, Pal 16 and B160 under pot condition. Isolate 
Pa324 caused greater reduction in multiplication of M. incognita and H. cajani and also 
reduced willing caused by F. udum. Under field condition too, Pa324 was best in 
reducing wilt disease complex of pigeon pea followed by B18. Combined use of Pa324 
with B18 provided better biocontrol of wilt disease complex than the use of either of 
them. Application of these isolates (Pa324 and B18) with Rhizobium caused about 30% 
increase in yield under field condition. 
Out of 103, 40 isolates of Bacillus and Pseudomonas were isolated in 2006 
from pathogen suppressive soils. These isolates were tested for the biocontrol of wilt 
disease complex of pigeon pea. Effects of Pseudomonas isolates on hatching of M. 
incognita and penetration of M. incognita and H. cajani in pigeon pea was found 
inhibitory ranging from 3 to 88 per cent. Isolate Pa606 caused minimum inhibition in 
hatching and penetration while Pf605 caused maximum inhibition. Bacillus isolates had 8 
to 88 per cent inliibition in hatching and penetration of nematodes. Isolates B614 caused 
minimum inhibition while B615 caused maximum inhibition. Eleven isolates of 
Pseudomonas (Pa601, Pa602, Pa603, Pf605, Pa606, Pf607, Pa610, Pa612, Pa613, Pa616 
and Pa618) and 12 isolates of Bacillus (B602, B604, B605, B607, B608, B609, B611, 
B612, B613, B615, B616 and B618) showed antifungal activity against F. udum. 
Colonization of roots caused by Pseudomonas isolates varied from 0.8 x lO'' to 2.1x10'' 
colony forming units (CPU) per g root. Isolates Pa606 and P619 caused minimum 
colonization of root while isolates Pf605 and Pa616 had maximum root colonization. 
Similarly, colonization of root caused by Bacillus isolates varied from 0.4 x 10"'to 1.9 x 
10 CPU per g root. Minimum colonization of root was caused by B614 while maximum 
by isolates B605 and B615. All the 20 isolates of Bacillus caused a significant increase in 
the growth of pigeon pea seedling. Maximum increase in the seedling growth was caused 
by B 608 and B 615 followed by B 617 and B 605. However, minimum increase in the 
seedling growth was caused by B 619. All the 20 isolates of Bacillus caused phosphate 
solubilization. Maximum phosphate solubilization was caused by B 607 and B 615 
followed B 606, B601 and B 603. Least phosphate solubilization was caused by B 609. 
All the 20 isolates of Bacillus also caused lAA production. Maximum lAA production 
was shown by B 608 and B 615 while least from B 607. Similarly, 20 isolates of 
Pseudomonas caused a significant increase in the growth of pigeon pea seedling except 
isolates Pa 603 and Pa 613. Maximum increase in the seedling growth was caused by P 
618 and Pf 605 while minimum by Pa 619. All the 20 isolates oi Pseudomonas caused 
phosphate solubilization. Maximum phosphate solubilization was caused by P 618 
followed by Pa 615, P 617 and Pa 619. Least phosphate solubilization was caused by Pa 
612. All the 20 isolates oi Pseudomonas also caused lAA production. Maximum lAA 
production was shown by P 618 followed by Pf 608 and Pf 605. However, least lAA 
production was obtained from Pf 604. All the 20 isolates of Pseudomonas showed HCN 
production. Isolates Pf 605, Pf 608, Pf 611, Pa 615 and P 618 showed high production of 
HCN. Thirteen isolates showed moderate production while 2 isolates caused low 
production of HCN. On the basis of inhibitory effect on nematode hatching and 
penetration, colonization of root and antifungal activity, 9 isolates (Pf604, Pf605, Pf611, 
Pa616, B602, B603, B605, B615 and B618) were selected for the biocontrol of wih 
disease complex of pigeon pea. Pot experiment revealed that isolate B615 was best for 
the biocontrol of wilt disease complex of pigeon pea followed by Pf605, Pf604, B603, 
Pf611, Pa616, B605, B602 and B618. Use of these isolates with Rhizobium provided 
better biocontrol of wilt disease complex than in the absence. Under field condition too. 
Isolate B615 was found best for the biocontrol of wilt disease complex followed by 
Pf605. Use of these isolates with Rhizobium was more beneficial for the biocontrol of 
wilt disease complex than the use of these isolates without Rhizobium. Combined use of 
5" 
B615 and Pf 605 with Rhizobium provided better management of wilt disease complex of 
pigeon pea than the use of these isolates alone. 
Forty three isolates of Bacillus and Pseudomonas (isolated in 2007) were 
tested for their biocontrol potential against wilt disease complex of pigeon pea. Effect of 
Pseudomonas isolates on hatching of M incognita and penetration of M incognita and H. 
cajani in pigeon pea was found inhibitory ranging from 27 to 94 per cent. Isolate P708 
caused minimum inhibition in hatching and penetration of nematodes while Pa737 caused 
maximum inhibition. Similarly, Bacillus isolates had 33 to 84 per cent inhibition in 
hatching and penetration of M. incognita and H. cajani. Isolates B720 caused minimum 
inhibition while B739 caused maximum inhibition of nematodes. Eight isolates of 
Pseudomonas (Pf705, Pa710, Pf718, Pf719, P725, Pf736, Pa737 and Pf740) and 10 
isolates oi Bacillus (B722, B723, B724, B727, B728, B729, B731, B732, B739, and 
B742) showed antifungal activity against F. udum. Colonization of root caused by 
Pseudomonas isolates varied from 1.2 x lO"* to 2.3 xlO"* CPU per g root. Similarly, 
colonization by Bacillus isolates was from 1.1 x lO'^ to 2.0 x lO'^  CPU per g root. All the 
20 isolates of Pseudomonas caused a significant increase in the growth of pigeon pea 
seedling. Maximum increase in seedling growth was caused by P 708 followed by Pa 711 
and Pf 736. Minimum increase in the seedling growth was caused by P 725. All the 20 
isolates of Pseudomonas caused phosphate solubilization. Maximum phosphate 
solubilization was caused by Pf 716 followed by Pf 736, Pa 737 and P 701. Least 
phosphate solubilization was caused by P 704. All the 20 isolates of Pseudomonas also 
caused lAA production. Maximum lAA production was shown by Pa 711 followed by P 
708 and Pf 736 while least lAA production was obtained from P 709. All the 20 isolates 
o^ Pseudomonas showed HCN production. Isolates P 708, Pa 711 and Pf 736 showed 
high production of HCN. All the 23 isolates of Bacillus caused a significant increase in 
the growth of pigeon pea seedling. Maximum increase in the seedling growth was caused 
by B 713 followed by B 706 and B 742. Minimum increase in the seedling growth was 
caused by B 723. All the 23 isolates of Bacillus caused phosphate solubilization. 
Maximum phosphate solubilization was caused by B 728 and B 738 while least was 
obtained from B 724. All the 23 isolates of Bacillus also caused lAA production. 
Maximum lAA production was shown by B 742 followed B 707 and B 739 while least 
was obtained from B 733. On the basis of inhibitory effect on hatching and penetration of 
nematodes, colonization of root and antifungal activity, 8 isolates (Pf718, Pf719, Pf736, 
Pa737, B727, B73I, B739, and B742) were selected for the biocontrol of wilt disease 
complex of pigeon pea. Pot experiment revealed that isolate Pf736 was best for the 
biocontrol of wih disease complex of pigeon pea followed by B739, B731, Pa737, Pf718, 
Pf719, B742 and B727. Use of these isolates with Rhizobium provided better biocontrol 
of wih disease complex than in the absence of Rhizobium under pot condition. Similarly, 
isolate Pf736 was found best for the biocontrol of wiU disease complex under field 
condition followed by B739. Use of Pf 736 and B 739 with Rhizobium was more 
beneficial for the biocontrol of wilt disease complex under field condition than the use of 
these isolates without Rhizobium. Combined use of Pf736 and B739 with Rhizobium 
provided better biocontrol of wih disease complex of pigeon pea than the use of these 
isolates alone. 
Siderophores production by Pseudomonas isolates was estimated to correlate the 
with their biocontrol potential. Out of 4 potential isolates of 2005, Pa324 showed greater 
siderophores production followed by Pa70, Pfl8 and Pall6. Similarly, Pf 605 showed 
greater siderophores production followed by Pa616, Pf611 and Pf604 from the isolates of 
2006. Out of 20 isolates of 2007, 12 isolates were found positive for the production of 
siderophores. Isolate P736 showed greater siderophores production while P717 the least. 
Out of 103 isolates, 23 isolates were tested for biocontrol potential in pot and 
field trials, 6 isolates (Pa324, B18, B615, Pf605 Pf736 and B739) were found potential 
for the biocontrol of wilt disease complex of pigeon pea after pot and field trials. 
However, isolates B2, B 605, B 608, P 708, Pa 711 and Pf 736 have shown the ability to 
increase the seedling growth, phosphate solubilization, lAA production appreciably. 
These isolates may also be used as biofertilizers for increasing growth and yield of 
pigeon pea. 
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Chapter 1 
INTRODUCTION 
Leguminous crops occupy very important position in Indian agriculture and the main 
source of protein (Ali and Kumar, 2006) for tlie predominantly large vegetarian 
population of the country. These crops are included in the cropping system patterns to fix 
atmospheric nitrogen with the help of nitrogen fixing bacteria to make soil productive. In 
India, these crops are being cultivated in 22.47 million hectares with an average 
production of 13.38 million tones (Ali and Kumar, 2006). 
Pigeon pea {Cajanus cajan (L.) Millsp.) is the second most important pulse 
crop(after chickpea), cultivated mainly as Kharif crop (summer crop). In Asia, pigeon pea 
is grown in an area of 4.3 million ha and production of 3.3 million tones. India has the 
largest area under pigeon pea, followed by Myanmar, Kenya, China, Malawi, Uganda, 
Mozambique, Tanzania and Nepal. Pigeon pea, occupies an area of 3.58 million hectares 
in India and contributing 3.29 million tones to the pulses bowl of the country 
(Anonymous, 2006). Pigeon pea is a perennial erect bush, 0.5 to 4 m tall, and has strong 
stem. It has pubescent trifoliate leaves. Flowers are present in axillary or terminal 
pedunculate or almost sessile racemes. Its fruit is a pod, linear-oblong, apex obtuse or 
acute, compressed, bi-valved, depressed between the seeds with transverse lines. Its seeds 
are reniform to sub-orbicular and shiny. It has deep, strong, woody tap root with well 
developed lateral roots in the superficial layers of the soil. It is nodulated and most 
nodules may vary from 2mm to 2 cm, and the shape may be spherical, oval, elongate, or 
branched. Pigeon pea is part of many farming systems throughout the tropics and sub-
tropics. An average annual rainfall between 600 and 1,000 mm is most suitable. 
However, it can be grown in humid areas, even over 2,500 mm of rainfall and is 
renowned for its drought tolerance. 
Pigeon pea is a major sources of 'dal' an important constituent in the food habit of 
Indian people. Availability of 20-21% protein in pigeon pea is an important source for 
supplementing the energy rich cereal diet (Anonymous, 2006). Additionally, pigeon pea 
crop improves the soil characteristic and fertility status ensuring better growth to 
succeeding crop. Long duration pigeon pea could fix up to 200 kg N ha -1 and has a 
beneficial effect on subsequent crops equivalent to about 40 kg ha -1 (Anonymous, 2006). 
The leaf drop helps improving soil structure. Its stalks are sources of fuel and used for 
other socio-economic purposes in rural areas. 
Unfortunately, there are several constraints in increasing production of pigeon 
pea. It has been estimated that this crop suffers about 13.2 % worldwide yield loss by 
plant parasitic nematodes (Sasser, 1989). Although large number of plant parasitic 
nematodes have been found associated with pigeon pea but Rotylenchulus reniformis, 
Hoplolaimus seinhorsti, Heterodera cajani and Root-knot nematodes Meloidogyne 
arenaria, M. incognita, M. javanica are of major importance in India (Gill, 1989). 
Similarly, most common fungal pathogens known to parasitize pigeon pea include blight 
caused by Alternaria alternate, anthracnose by Colletotrichum cajani, gray mold by 
Botrytis cinerea, leaf spot by Cercoseptoria cajanicola, collar rot by Sclerotium rolfsii, 
wilt by Fusarium udum and powdery mildew by Leveillula taurica (Rangaswami and 
Mahadevan, 1999). However, important bacterial disease includes bacterial leaf spot and 
stem canker caused by Xanthomonas campestris pv. cajani. 
Survey of cyst forming nematodes of Uttar Pradesh, India has revealed that 
Heterodera cajani is widely distributed (Husain et al, 1989). Some plants were 
simultaneously galled due to presence of root-knot nematodes. These two nematodes 
were also found associated with wilt fungus Fusarium udum, which is destructive to this 
crop in certain states of northern India (Singh, 1983). These pathogens together are 
highly destructive causing a wilt disease complex which is a major constraint in the 
successful cultivation of pigeon pea in India (Edward and Singh, 1979; Hasan, 1984; 
Singh et al, 1993; Siddiqui and Malimood, 1996a, 1999a). 
The growing concern about the toxic effects of chemical pesticides has created a 
need to develop suitable non-toxic and eco-friendly alternative methods for the 
management of plant diseases. The rhizosphere provides a front line defense against 
pathogen attack to root (Weller, 1988). Plant growth promoting rhizobacteria (PGPR) 
present in the rhizosphere have the ability to improve plant growth by colonizing the root 
system and pre empting the establishment or suppressing harmful rhizosphere 
microorganisms (Schroth and Hancock, 1982; Click, 1995; Siddiqui and Mahmood, 
1999b; Kloepper, 2003). Rhizosphere microorganisms provide biocontrol through 
mechanisms such as the production of antibiotics (Hebbar et al, 1992; Bender et al, 
1999), iron sequestering compounds siderophores (Loper and Buyer, 1991; Dwivedi and 
Johri, 2003; Siddiqui, 2006), extra cellular hydrolytic enzymes (Fridlender et al, 1993), 
other secondary metabolites like hydrogen cyanide (HCN) (0' Sullivian and 0' Gara, 
1992; Dowling and O'Gara, 1994; Bagnasco et al, 1998), and by inducing systemic 
resistance (Liu et al, 1995). 
The effects of Pseudomonas spp. in plant growth promotion have been observed 
(Lemanceau, 1992; Digal, 1994). The beneficial effects of Pseudomonas spp. have been 
attributed to their ability to promote plant growth and also to protect the plant against 
pathogenic microorganisms. The fluorescent pseudomonads are involved in the natural 
suppressiveness of some soils to fusarium wilts, and have been applied successfully to 
suppress fusarium wilts of various plant species (Lemanceau and Alabouvette, 1993). 
Pseudomonas aeruginosa 78 produce a polar substance, heat labile, sensitive to extreme 
pH values causing in vitro juvenile mortality of Meloidogyne javanica, (Ali et al, 2002). 
P.fluorescens CHAO produces several bioactive compounds giving it one of the broadest 
spectra of potential biocontrol and growth-promoting mechanisms of known PGPR 
(Weller and Thomashow, 1993). Many strains of pseudomonads can indirectly protect the 
plants by inducing systemic resistance against various pests and diseases (Van Loon et 
al, 1998; Ramamoorthy et al, 2001; Zehnder et al, 2001). 
Bacillus spp. are able to form endospores that survive for long time in the soil and 
under adverse environmental conditions. Bacillus species have been reported to promote 
the growth of a wide range of plants (De Freitas et al, 1997; Kokalis-Burelle etal, 2002) 
and are very effective in biological control of many plant microbial diseases. Jetiyanon et 
al. (2003) observed that a mixture containing B. amyloliquefaciens and B. pumilus 
induced systemic resistance against southern blight of tomato, anthracnose of long 
cayenne pepper and mosaic disease of cucumber. Bacillus subtilis synthesizes an 
antifungal compound inhibiting Fusarium oxysporum f. sp. ciceris (Kumar, 1999) and 
strain RBI4 produces the cyclic lipopeptides antibiotics iturin A and surfactin active 
against several phytopathogens. The best isolates to inhibit Fusarium roseum var. 
samhucinum belongs to B. cereus, B. lentimorbus and B. lichenifonnis (Sadfi et al., 
2001). 
The selection of effective strains of particular bacteria is of prime importance for 
the biocontrol of plant pathogens. Isolation of bacteria from pathogen suppressive soils 
may increase the chances of finding effective strains (Cook and Baker, 1983). To get 
effective isolates, isolation of bacteria should be made from the same environment in 
which they will be used (Weller et al, 1985). The ability to colonize roots and resistance 
against antibiotics are the other parameters to screen effective strains (Siddiqui et al, 
2005). In general, a single biocontrol agent is used to control a plant disease by a single 
pathogen (Wilson and Backman, 1999). This may sometimes account for the inconsistent 
performance by the biocontrol agent, because a single agent is not active in all soil 
environments or against all pathogens that attack the host plant. On the other hand, 
mixtures of biocontrol agents with different plant colonization patterns may be useful for 
in controlling different plant pathogens via different mechanisms of disease suppression. 
Moreover, mixtures of biocontrol agents with taxonomically different organisms that 
require different optimum temperatures, pHs, and moisture conditions may colonize roots 
more aggressively, improve plant growth and efficacy of biocontrol. Therefore, I tried to 
isolate Bacillus and Pseudomonas spp. from pathogen suppressive soils. These isolates 
were tested alone and in combination with root-nodule bacterium Rhizobium sp. to 
achieve biocontrol of wilt disease complex of pigeon pea. Rhizobacteria found best under 
pot condition were further tested for their biocontrol potential under field condition. 
Attempts were made to achieve following objectives. 
Objectives of the study 
1. Survey of pigeon pea fields of Uttar Pradesh, India were conducted for wilt disease 
complex of pigeon pea caused by root-knot nematode Meloidog)me incognita (Kofoid 
and White) Chitwood, pigeon pea cyst nematode Heterodera cajani Koshy and wilt 
fungus Fusariiim udum Butler. 
2. Isolation of rhizobacteria especially fluorescent pseudomonads and Bacillus spp. were 
made from pathogen suppressive soils. 
3. Isolates of Pseudomonas and Bacillus were screened through green house assay and 
their biocontrlol potential was tested in pots both in mono and multi-pathogenic 
conditions. 
4. Siderophores, HCN and lAA productions was estimated from Pseudomonas and 
Bacillus isolates. Phosphate solubilization and effect of different rhizobacterial 
isolates on seedling growth was also studied. 
5. Effect of root-nodule bacterium Rhizobium sp. alone and in combination with 
efficient isolates of Bacillus and Pseudomonas was studied under pot condition for 
the management of wilt disease complex. 
6. Potential isolates Pseudomonas and Bacillus obtained through greenhouse assay and 
pot test were further tested for the biocontrol of wilt disease complex of under field 
condition both in the presence and absence of root-nodule bacterium Rhizobium sp. 
Chapter 2 
REVIEW OF LITERATURE 
Soil harbors a variety of microorganisms and provides a platform for biotic and abiotic 
interactions. It provides an ecological niche for plants and microorganisms and serves as 
a reservoir of nutrient and water for plants. Rhizosphere is the region surrounding the 
roots where a number of complex interactions take place between plants, microbes and 
rhizosphere itself. These interactions may be detrimental, neutral or beneficial to plants 
according to pathogenic and non pathogenic nature of microorganism respectively. 
Among the rhizosphere microbial population, bacteria are the most abundant 
microorganisms. Bacteria are the aggressive colonizers of the plant root system and able 
to multiply and colonize all the ecological niches found on the plant roots at the all stages 
of plant growth, in presence of competing microflora (Antoun and Kloepper, 2001). Out 
of beneficial microorganisms, plant growth promoting rhizobacteria (PGPR) play a vital 
role in the management of plant diseases (Kloepper and Schroth, 1978; Glick, 1995; 
Siddiqui, 2006). PGPR inhabit the rhizosphere, the volume of soil under the immediate 
influence of the plant root system, and favors the establishment of a large amount of 
active microbial population. Plants release metabolically active cells from their roots and 
deposit as much as 20% of the carbon allocated to roots in the rhizosphere, suggesting a 
highly evolved relationship between the plant and rhizosphere microorganisms 
(Handelsman and Stabb, 1996) and the dynamic nature of the rhizosphere creates 
interactions that lead to biocontrol of diseases (Rovira, 1965, 1969; Hawes, 1991; Waisel 
8 
el al., 1991). Two genera of PGPR viz Bacillus and Pseudomonas are used in the present 
study and are discussed below. 
2.1 Bacillus 
Bacillus species have been reported to promote the growth of a wide range of plants (De 
Freitas ei al, 1997; Kokalis-Burelle et al, 2002) and are effective in the biological 
control of many plant diseases. Bacillus spp. are able to form endospores that allow them 
to survive for extended period under adverse environmental conditions. Jetiyanan et al. 
(2003) observed that a PGPR mixture containing B. amyloliquefaciens strain rN937 and 
B. pumilus strain IN937b, induced systemic resistance against southern blight of tomato 
(Lycopersicon esculantum) caused by Sclerotium rolfsii, anthracnose of long cayenne 
pepper {Capsicum annuum var. acuminatum) caused by Colletotrichum gloeosporioides, 
a mosaic disease of cucumber (Cucumis sativus) caused by cucumber mosaic virus 
(CMV). Bacillus megaterium KL39, a biocontrol agent of red-pepper Phytophthora blight 
disease, produces an antifungal antibiotic active against a broad range of plant pathogenic 
fungi (Jung and Kim, 2003). Bacillus subtilis also synthesizes an antifungal antibiotic 
inhibiting Fusarium oxysporum f sp. ciceris, the agent of fusarial wilt in chickpea 
(Kumar, 1999) and strain RBI4 produces the cyclic lipopeptides antibiotics iturin A and 
surfactin active against several phytopathogens. This strain has a very good potential to 
be used for the biological control of damping-off of tomato caused by Rhizoctonia solani 
(Asaka and Shoda, 1996). 
By using the PCR-denaturing gradient gel electrophoresis (DGGE) technique 
developed to study the diversity of Bacillus (including the groups separated as 
Paenibacillus, Alicyclobacillus, Aneurinibacillus, Virgibacillus, Salibacillus and 
Gracilibacillus), Garbeva et al. (2003) showed that the majority (95%) of Gram positive 
bacteria in soil under different types of management regimes (permanent grassland, 
grassland turned into arable land and arable land), were putative Bacillus species; B. 
mycoides, B. pumilus, B. megaterium, B. thuringiensis and B. firmus, as well as related 
taxa such as Paenibacillus, were frequently identified by sequencing the DNA bands 
obtained on DGGE gels. Other Gram positive bacteria including Arthrobacter spp. and 
Frankia spp. were a minority (less than 6% of the clones obtained). The ubiquity and the 
importance of B. benzoevorans in soils throughout the world were proved by using 
molecular methodology developed to identify non-culturable bacteria (Tzeneva et al., 
2004). 
2,2 Pseudomonas 
Early observation on the beneficial effect of seeds or seed pieces bacterization were first 
made with Pseudomonas spp. isolates, on roots crops. By treating potato (Solanum 
tuberosum L.) seed pieces with suspension of strains of Pseudomonas fluorescens and P. 
putida, Burr et al. (1978) obtained statistically significant increases in yield ranging from 
14-33% in five of nine plots established in California and Idaho. Substantial increase in 
the fresh matter yield of radish (Raphanus sativus L.) was obtained by seed inoculation 
with fluorescent pseudomonads (Kloepper and Schroth, 1978). Significant growth 
increases in seedling and mature root weights, and in total sucrose yield were attained in 
field trials in California and Idaho, by inoculating sugar beet {Beta vulgaris L.) with 
selected strains of fluorescent Pseudomonas spp. (Suslow and Schroth, 1982). Under 
greenhouse conditions when tested in the three different soils, an isolate of Pseudomonas 
sp. consistently caused a significant increase in the maize shoot dry matter yield (Lalande 
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et al., 1989). The effects of plant inoculation with Pseudomonas and their possible 
growth promoting mechanisms of action have been reviewed (Lemanceau, 1992., Digat, 
1994). The beneficial effects of these bacteria have been attributed to their ability to 
promote plant growth and to protect the plant against the pathogenic microorganisms. 
Production of indole acetic acid (lAA) by Pseudomonas putida GR12-2 plays a major 
role in root development of canola {Brassica rapd) root system as evidenced by the 
production of roots 35 to 50 % shorter by an lAA-deficient mutant (Patten and Glick, 
2002). lAA may promote directly root gro\\1;h by stimulating plant cell elongation or cell 
division or indirectly by influencing by bacterial 1-aminocyclopropane-l-carboxylic acid 
(ACC) deaminase activity. ACC is the direct precursor of ethylene an inhibitor of root 
growth, and strain GR12-2 like several other bacteria produces ACC-deaminase 
(Jacobson et al, 1994), which degrades ACC, thus preventing plant production of 
inhibitory levels of ethylene. Strain G20-18 of Pseudomonas fluorescens produced higher 
amounts of three cytokinins, isopentenyl adenosine, trans-zeatin ribose and dihydrozeatin 
riboside (Garcia de Salamone et al, 2001). Use of mutants with reduced capacity to 
synthesize cytokinins, revealed the importance of cytokinin production in the plant 
growth promoting ability of strain G20-18 (Garcia de Salamone, 2000). 
Pseudomonads are well known for their involvement in the biological control of 
several plant pathogens. Alabouvette et al. (1993) showed that in addition to non-
pathogenic Fusarium oxysporum, P. fluorescens and P. putida are the main candidates 
for the biological control of fusarium wilts. The fluorescent pseudomonads are involved 
in the natural suppressiveness of some soils to fosarium wilts, and they have been applied 
successfully to suppress fusarium wilts of the various plant species (Lemanceau and 
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Alabouvette, 1993). For many pseudomonads, production of metabolites such as 
antibiotics, siderophores and hydrogen cyanide (HCN) is the primary mechanism of 
biocontrol (Weller and Thomashow, 1993). By using a bacterial mutant unable to 
produce HCN, Gallagher and Manoil (2001) were able to show that P. aeruginosa PAOl 
kills the nematode Caenorhabditis elegans by cyanide poisoning. Pseudomonas 
aeruginosa produce a polar substance, heat labile, sensitive to extreme pH values causing 
in vitro juvenile mortality of Meloidogyne javanica (Ali el aL, 2002). Several evidences 
indicate that siderophores production when iron is limited is responsible for the 
antagonism of some strains of P. aeruginosa against Pythium spp. the causal agent of 
damping-off and root-rot of many crops (Buyens et aL, 1996; Charest et al., 2005). The 
antibiotic produced by bacterial biocontrol agents and their role in microbial interaction, 
were reviewed by Raaijmakers e( al. (2002). Pseudomonas fluorescens CHAO produces 
several bioactive compounds (antibiotic, siderophores, HCN, indole acetic acid) giving it 
one of the broadest spectra of potential biocontrol and growth promoting mechanisms of 
known PGPR (Weller and Thomashow, 1993). Production of 2, 4-diacetylphloroglucinol 
by CHAO is an important mechanism of suppression of take-all of wheat and black root 
rot of tobacco (Keel et al., 1992). The production of a novel lipopeptide antibiotic (AFC-
BCl I) is largely responsible for the ability of Burkholderia cepacia to effectively control 
damping-off of cotton caused by Rhizoctonia solani in a gnotobiotic system (Kang et al, 
1998). Many strains of pseudomonads can indirectly protect the plant by inducing 
systemic resistance against various pest diseases (Van Loon et al, 1998; Ramamoorthy et 
al, 2001; Zehnder et al, 2001). Several plants show the critical role-played by 
fluorescent Pseudomonas spp. in naturally occurring soils that are suppressive to 
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fusarium wilt (Mazzola, 2002), and take-all caused by the fungus Gaeumannomyces 
graminis var. tritici (Weller et ai, 2002). Effects of Bacillus and Pseudomonas spp. in 
biocontrol of plant pathogens have been summarized below. 
Table- i. Effects of PGPR on fungal diseases of plants. 
Fungus 
Gaeumannomyces sp 
Gaeumannomyces 
graminis var. tritici 
Gaeumannomyces 
graminis 
G. graminis var. 
tritici 
Gaeumannomyces 
graminis 
Riiizoctonia solani 
Pythium spp. 
Pythium sp. 
Pytliium ultimum 
P17 
Pythium 
aphanidermatum 
Pythium sp. 
Pythium 
aphanidermatum, 
F. oxysporum f sp. 
cucurbitacearum 
P. aphanidermatum. 
Aspergillus sp. 
F. oxysporum f. sp. 
ciceri, 
Rhizoctonia solani 
Pythium 
aphanidermatum 
Pythium 
aphanidermatum 
PGPR 
P. Jluorescens 
Pseudomonas spp. 
(fluorescent 
strains) 
P. aureofaciens 
Q2-87 
Bacillus subtilis, B. 
cereus isolates, 
P. corrugata 
P. fluorescens 
Fluorescent 
pseudomonads 
P. corrugate. 
P. aureofaciens 
P. putida. 
B. subtilis. 
E. aerogenes, 
E.agglomerans, 
B. cereus 
B. subtilis 
P. putida 
Pseudomonas 
isolates 
P. fluorescens, 
P. putida 
Fluorescent 
Pseudomonas 
Effect 
Strains of P. fluorescens may be 
involved in "the suppression of G. 
graminis var tritici 
27% yield increase due to biocontrol of 
bacteria in winter wheat under field 
conditions. 
Inhibition of fungus was demonstrated 
both in vitro and in vivo. 
Bacillus isolate A47 and B. subtilis B908 
reduced the take-all disease in sodic acid 
soil while B. subtils B931 was more 
effective in reducing Rhizoctonia root-rot 
in calcareous sandy loam soil of wheat. 
In Pythium contaminated sites, significant 
increases were observed in plant height, 
number of heads and grain yield of winter 
wheat. 
Significantly suppressed root-rot disease 
on tulip. 
Induced systemic resistance in cucumber 
roots. 
Most strains increased root length of 
cucumber in Pythium-'mkciQA plants in 
vitro. 
Growth and yield of lettuce and cucumber 
were increased and disease severity 
reduced. 
Two strains MRS23 and CRP55P have 
shown antiflingal activity. 
P. fluorescens isolate Pf 1 was effective in 
reducing the damping-off incidence in 
tomato and hot pepper. 
Suppressed the root-rot disease on 
cucumber. 
Reference 
Cook and Rovira, 
1976 
De Freitas and 
Germida, 1990 
Harrison et al, 1993 
Maarten e; a/., 1998 
Weller and Cook, 
1986 
Emma, 1990 
Chen era/., 1999. 
Utkhede e/a/., 1999 
Amer and Utkhede, 
2000 
Goel e/a/., 2002 
Ramamoorthy et al., 
2002a 
Moulin eM/., 1996 
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0P4 
Fusarium spp. 
Fusai mm sp 
Fusaiium udum 
F oxyspoi urn f sp 
raphaniy 
A brassicicola 
F oxyspoi um 
Fusarium culmoi uin 
Fusarium udum 
Fusanum udum 
Fusai mm 
oxysporum f sp 
lycopersici 
F oxysporum, 
M phaseolina ^  
F solanif 
R solani 
F oxyspoi um f sp 
lycopersici 
F oxyspoi um 
Fusanum udum, 
Aspergillus niger 
F moniliformae, 
F grammearum, 
M phaseolina 
F solani f sp 
phaseoh, 
R solani, 
F oxysporum 
(CHS 1, CHI) 
Pseudomonas 
fluorescens 
B subtilis 
P fluorescens 
P chlororaphis 
2E3,06 
B subtilis 
P fluorescens 
P fluorescens 
PRS9, 
B polymyxa 
Pseudomonas 
aeruginosa 
B subtilis, 
P fluorescens^ 
Aspergillus 
cm amon, 
A niger, 
P digitatum 
Flourescent 
Pseudomonads 
isolates 
B subtilis A¥\ 
Pseodomonas sp 
EM85 
Bacillus sp 
(MR-11(2), MRT) 
B subtihs GB03, 
MB 1600 
Observed induced resistance and 
phytoalexin accumulation in carnation 
Increased shoot dry weight and reduced 
wilt of pigeon pea 
Protected radish plants through induction 
of systemic resistance against these 
pathogens 
Strong inhibition of the fungus on spring 
wheat in the field 
Seed treatment with B subtilis 
significantly reduced the incidence of wilt 
of pigeon pea 
Wilt incidence v\as reduced in pigeon 
pea 
Reduced the wilting index and 
rhizosphere population of fungus on 
tomato 
Significantly suppressed growth of root 
infecting fiingi on tomato 
Use of all the PSM increased the yield 
and also reduced the rhizosphenc 
population of wilt fungus by 23-49 % on 
tomato 
All the 5 isolates have shown the 
antifungal activity against the pathogen 
on pea 
AFl supplemented with chitin or chitin 
material showed better control of crown 
rot and wilt diseases of ground nut and 
pigeon pea 
All these isolates had the ability to 
suppress the diseases caused by F 
monihforme, F grammearum and M 
phaseolina on maize 
Seed treatment with these isolates caused 
mcrease in biomass and decrease in 
disease seventy in glasshouse on bean 
Van Peer e/a/, 1991 
Siddiqui and 
Mahmood, 1995a 
Hoffland e/a/, 1996 
Kroppe/a/, 1996 
Podile and Laxmi, 
1998 
Siddiqui (?/fl/, 1998 
Khan and Akram, 
2000 
Siddiquie/a/,2000 
Khan and Khan, 
2001 
Kumar e/fl/, 2001 
Manjula and Podile, 
2001 
Pale /a / , 2001 
Estevez de 
Jansen el al, 2002 
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F oxyspoi urn f sp Pseudomonas 
cicen , 
Aspergillus sp ^  
P aphamdet matum, 
Rhizoctonia solani 
isolates 
Two strains MRS23 and CRP55P have 
shown antifungal activity 
Goel el at, 2002 
F oxyspoi um P fliiorescens Out of 40 strains, 18 strains showed 
R solani strong antifungal activit)' 
F oxysporum f sp 
lycopersici 
P fluoi escens Pfl Pfl protected tomato plants from wilt 
disease 
Kumar et al, 2002 
Ramamoorthy el al, 
2002b 
Fusanum udum 
F oxysporum f 
sp cicens 
P aeruginosa P aeruginosa protected pigeon pea and Anjaiah el al, 2003 
PNA 1 chickpea from Fusanum wilt 
Fusanum 
chlamydospormm 
P fluorescens Reduced the seventy of disease on Boby and Bagyaraj, 
Coleus 2003 
F oxysporum f sp 
melonis 
P putida Control on muskmelon achieved by seed 
treatment of P putida strain 30 was 63% 
and 46-50% for strain 180 
Borae/a/, 2004 
Fusanum 
oxysporum f sp 
cicei I 
Paembacillus 
lenlimoi bus 
NRRL B-30488 
Seed treatment with 
greater mortality in 
seedlings compared 
seedlings of chickpea 
B-30488 caused 
non-bacterized 
to bactenzed 
Dasgupta et al, 2006 
Fusanum Fluorescent Significantly reduced the disease severity Yigit 
oxysporum f sp Pseudomonads on tomato but the results were more 2007 
lycopersici pronounced when applied in combination 
M ilh T harzianum 
and Dikiiitas, 
Fusanum 
oxysporum f sp 
radicis-lycopei sici 
Bacillus subtilis Inoculation of B subtilis (EU07) reduced 
EU07 the disease incidence up to 75% on 
tomato 
Baysal et al, 2008 
Rhizoctonia spp. 
Rhizoctonia solani 
R solani 
P cepacia R55, Increase of 62-78% of dry weight of De Freitas and 
R85 winter wheat grown in R solani infected Germida, 1991 
P putida R\04 soil 
B sublilisRB]4 Antibiotics production by B subtilis Asaka 
RB14 suppressed the damping off disease 1996 
of tomato m vitro and in pot conditions 
ans Shoda, 
Rhizoctonia solani Bacillus 
megatenum (B153-
2-2) 
Seed treatment significantly reduced 
damage caused by R solani on soybean 
in different soil 
Zheng and Sinclair, 
2000 
Rhizoctonia solani Pseudomonas Mixture of 3 strains reduced disease and 
fluorescens promoted growth of rice 
Nandakumar et al, 
2001 
R solani Bacillus subtilis. Combination of J5 5wto//^ RBI4-C with 
Burkholderia B cepacia BY can lead to greater 
cepacia damping-off suppression on tomato than 
by these strains separately 
Szczech and Shoda, 
2004 
R solani P fluorescens 
A6RI 
Increased the growth 
inoculated plants 
of pathogen Berta et al, 2005 
Rhizoctonia solani Fluorescent Out of 103 isolates, only 52 isolates Ahmadzadeh 
pseudomonads showed antifungal activity against the R Tehrani, 2009 
solani, in vitro condition 
and 
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Macrophomina phaseoUna 
M phaseohna B lichenifornm, 
A faecalis 
Reduced root-rot disease of chickpea. Siddiqui and 
Mahmood,1992 
M phaseohna B subtdii B subtdis was superior to P hlacinus for 
the management of M phaseohna on 
chickpea. 
Siddiqui and 
Mahmood,1993 
M phaseohna B subtihs B subtdis resulted in greater shoot dry 
weight of chickpea than with any fungal 
filtrate 
Siddiqui and 
Mahmood, 1995b 
M phaseohna P fluorescens P fliiorescens increased 
4-92 resistance by 33% m chickpea. 
disease Srivastava et al, 
2001 
M phaseohna Fluorescent Seed bacterization with Pseudomonas 
Pseudomonas isolates GRC2 strain reduced the charcoal 
GRC2 rot disease of peanut in M phaseohna 
infested soil. 
Gupta et al., 2002 
M phaseohna P fluorescens Seed treatment with P. fluorescens and 
neem cake as soil application reduced the 
root rot indices on green gram. 
Begum and Kumar, 
2005 
M phaseohna Pseudomonas 
alcahgenes, 
Bacdhis punnlus 
P alcahgenes caused greater reduction 
against the root-rot disease than B 
pumilus on chickpea. 
Akhtar and Siddiqui, 
2008a 
Other fungi 
Sclerotnim rolfsu, 
Fusarium 
P. putida, Reduced the incidence of disease caused Gamliel 
P. fluorescens, by 6" rolfsu in bean, and fusarium wilt of 1993 
P alcahgenes cotton and tomato. 
and Katan, 
Colletotrichiim 
orbiculare 
P putida, 
S marcescens, 
Flavomonas 
oiyzihabitans, 
B piimdus 
PGPR mediated ISR was operative under 
field conditions against naturally 
occurring antlrracnose of cucumber. 
V^eietal, 1996 
CoUetotrichum 
orbiculare 
B pumilis^ 
B subtdis, 
Curtobacterium 
flaccumfaciens 
Mixture of these PGPR strains as seed Raupach and 
treatment caused disease reduction on Kloepper, 1998 
cucumber. 
Verticdhiim dahhae Pseudomonas PsJN Reduced disease incidence in tomato. Sharma and Nowak, 
1998 
Cronarlium 
quercuum f. sp. 
fiisiforme 
B pumilus SE34, 
S marcescens 90-
166 
Two bacterial isolates out of 8, 
significantly reduced number of galls and 
induced systemic resistance against 
fusiform rust on Loblolly pine. 
Enebak 
2000 
and Carey, 
CoUetotrichum S marcescens Seed treatment suppressed anthracnose of 
orbiculare 90-166 cucumber. 
Pressed a/, 2001 
CoUetotrichum Pseudomonas Increased accumulation of enzymes Ramamoorthy and 
capsici fluorescens involved in phenyl propanoid pathway Samiyappan, 2001 
and PR-proteins in hot pepper. 
Botiytis cinena Pseudomonas PsJn PsJn inhibits growth of B. cineria by 
disrupting cellular membrane and cell 
death. 
Barkae/a/, 2002 
Cun'ularia lunata Bacillus species Showed high antagonistic activity against 
BC121 C. lunata. 
Basha and 
Ulaganathan, 2002 
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Colletotncimm Pseiidomonas P aemginosa induced resistance only in 
lindemuthianum aei uginosa resistant interactions while P fluoi escens 
Pseudomonas induced resistance in susceptible and 
fliiorescens moderately resistant interactions on bean 
Bigirimana 
Hofte, 2002 
and 
Cnaphaloaocis P fluoiescem Mixture of two strains performed better 
medinalis strains Pfl, FP7 than the individual strains in reducing 
sheath blight of rice 
Radja Commare et 
a/, 2002 
CoUetoti iclmm 
falUiim 
P fliiorescens Induced systemic resistance against red 
rot of sugarcane 
Viswanathan and 
Samiyappan, 2002 
Phylophthoi a 
infestans 
P fluorescens 
89B61, 
B piimilus SE34 
Elicited systemic protection against late 
blight of tomato and reduced disease 
severity 
Yan et al, 2002 
Scleiospora 
gi aminicola 
Bacillus pumilus Out of 7 PGPR strains, maximum vigor 
index resulted from treatment with strain 
1NR7 followed by rN937b 
Niranjan-Raj et al, 
2003 
Scleiospoi a 
grammicola 
Pseudomonas The isolates offered protection ranging 
fluorescens from 20 to 75% against downy mildew to 
pearl millet 
Niranjan-Raj el al, 
2004 
Colletoti ichum 
gloeospoi loides 
P fluorescens T?l Suppressed the anthracnose pathogen on 
mango leading to improved yield 
attributes 
Vivekananthan et al, 
2004 
Ahemana tnlicma P fluorescens, 
A chioococcum 
P fluoi escens caused greater reduction in 
A tiiticina infected leaf area than A 
civ oococcum 
Siddiqui and Singh, 
2005a 
Altei nana triticma Bacillus and Out of 6 isolates, B28 was found best in Siddiqui, 2007 
Fluorescent improving plant growth and also caused 
Pseudomonads reduction in percent leaf infected area of 
wheat 
Lxobasidium vexans Pseudomonas and 
Bacdlus 
Seed treatment with PGPR strains 
reduced the disease seventy on tea under 
field condition 
Saravanakumar et al, 
2007 
Table ii Effect of PGPR on plant parasitic nematodes. 
Nematode 
M. incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
PGPR 
Bacillus 
thuringiensis 
244 isolates 
Sen atia 
marcescens 
354 isolates 
Bacillus 
licheniformis, 
P mendocina 
Effect 
Prevented M incognita from forming 
galls on tomato 
Only 125 bacterial isolates imparted 
positive effect on tomato and cucumber, 
rarely on both and negative effect on 
nematodes 
Bacterium produced a volatile metabolite 
and was nematoxic 
P fluorescens (strams JOB204, JOB 209) 
and Bacillus (JOB203) were most 
effective and clover plants treated with 
these bacteria had fewer galls and large 
roots 
B licheniformis caused greater reduction 
in nematode multiplication than P 
mendocina on tomato 
Reference 
Ignoffo and Dropkm, 
1977 
Zavaleta- Mejia and 
VanOundy, 
1982 
Zavaleta-Mejia, 1985 
Becker era/ , 1988 
Siddiqui and 
Husain, 1991 
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M incognita 
M incognita 
race3 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
Bacillus 
lichenifoi mis 
Alcaligenes 
faecalis 
B sub til IS 
B <;ubtilis 
B subtihs 
Endophytic 
bacterial stains 
P fluorescens 
PRS9, 
B polymyxa 
B subtihs. 
Azotobaclei 
chi oococcum, 
Azospirillium 
lipofei um 
P aeruginosa 
P fluorescens 
(strains GRP3 and 
PRS9) 
P fluorescens 
P fluorescens. 
Azospirillum 
brasilense, 
Azotobacter 
chroococcum 
Microphos 
Azotobacter 
chroochoccum, 
Azospirillum sp 
P fluorescens. 
Azotobacter 
chi oococcum 
P fluorescens, 
Azotobacter 
chi oococcum, 
Azospii ilium 
bi asilense 
P straita 
Bacillus 
consortium 
(Strains INR7, T4 
and IN 937b) 
B hcheniformis caused gi eater reduction 
in nematode multiplication than A 
faecalis on chickpea 
B subtihs reduced nematode 
multiplication and improved growth of 
chickpea 
Reduced nematode population on tomato 
Seed treatment v\ith bacteria reduced 
nematode multiplication on chickpea 
Reduced galling of cotton roots by root-
knot nematode 
Reduced the galling and nematode 
population on tomato 
Reduced the no of galls per root system, 
egg-mass production and nematode 
population on mung bean 
Reduced galling on tomato 
GRP3 strain was better in reducing 
galling and nematode multiplication than 
PRS9 
Seed treatment significantly reduced the 
galling on okra 
Best management of M incognita was 
obtained when Microphos culture 
(mixture of P straita, B polymyxa and 
Aspergillus niger) was used with A 
chroococcum and A brasilense on brinjal 
Azotobacter was better in reducing 
galling than Azospirillium sp in okra 
Greater biocontrol of M incognita was 
observed when P fluorescens was used 
with the straw of Zea mays 
P fluorescens was better at improving 
tomato growth and reducing galling and 
nematode multiplication than A 
chi oococcum or A brasilense 
Reduced reproduction of 
M incognita on pea 
Bacillus spp has not showing the 
significant differences over untreated 
control m term growth of 
micropropagated papaya but the 
inoculation of Bacillus with AM fungi 
reduced the development of M incognita 
m plants 
Siddiqui and 
Mahmood, 1992 
Siddiqui and 
Mahmood, 1993 
Gautam et al, 1995 
Siddiqui and 
Mahmood, 
1995b 
Kallmann er a / , 1997 
• 
Khan and Akram, 
2000 
Khan and Kounsar, 
2000 
Siddiqui and Haque, 
2001 
Siddiqui et al, 
2001 
Devi and Dutta, 2002 
Siddiqui et al 2002 
Sharma and Mishra, 
2003 
Siddiqui and 
Mahmood, 2003 
Siddiqui, 2004 
Siddiqui and Singh, 
2005b 
Jaizme-Vega et al, 
2006 
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M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M. javanka 
M javamca 
M javanica 
P putida. 
Paenibacillus 
polym)!xa 
P aeruginosa 
Pseudomonas 
sti aita 
Rhizobium sp 
P alcaligenes 
B pumilus 
Paenibacillus 
polymyxa 
GBR-1 
P putida 
P putida 
P putida 
P putida. 
P alcaligenes 
Pseudomonas 
isolate Pa 28 
A chroococcum 
B subtilis, 
P putida 
B subtilis, 
P polymyxa. 
B cepacia 
B cepacia. 
B subtilis 
10 isolates of 
Pseudomonas and 
Bacillus 
B cereus 
P fluorescens 
Inoculation of plants with P putida most 
effectively reduces galling and nematode 
multiplication than P polymyxa on 
chickpea 
P aeiuginosa caused a significant 
reduction in galling and nematode 
multiplication on chickpea 
Inoculation oi Rhizobium caused a greater 
increase in chickpea growth than caused 
by P straita 
P alcaligenes caused a greater increase in 
shoot dry m plants inoculated with 
nematodes than did B pumilus on 
chickpea 
Culture filtrate o{ Paenibacillus polymyxa 
GBR-1 under in vitro conditions 
significantly reduced egg hatch and 
caused substantial mortality of M 
;/icog«;/a juveniles 
Use of composted manure with P putida 
was more beneficial for tomato growth 
than the use of urea with bacterium 
Use of/' putida caused 39% reduction in 
galling and nematode multiplication on 
tomato 
Combined use of neem leaf litter with P 
putida plus G intraradices was best in 
improving growth of nematode infected 
tomato 
P putida caused greatest reduction in 
galling and nematode multiplication 
followed by P alcaligenes and Pa 28 
Highest increase in the growth of 
nematode inoculated plants was observed 
when P putida was used with cattle 
manure on tomato 
The greatest increase in growth of 
nematode inoculated plants and reduction 
in nematode galling was observed when 
P polymyxa was used with P Idacinus on 
tomato 
Application of B cepacia caused 36% 
increase in shoot dry mass of nematode 
inoculated plants followed by B subtilis 
(32%p) on tomato 
Fluorescent Pseudomonads isolates (Pfl, 
Pa2, Pa3, Pa4, and Pf5) caused greater 
inhibitory effect on the hatching and 
penetration of M incognita than Bacillus 
isolates (Bl, B2, B3,B4 and B5) on pea 
Inhibited penetration of nematodes on 
tomato roots 
Reduced nematode muhiplication and 
Akhtar and Siddiqui, 
2007a 
Siddiqui and Akhtar, 
2007 
Akhtar and Siddiqui, 
2008b 
Akhtar and Siddiqui, 
2008a 
Khan et al, 2008 
Siddiqui and Akhtar, 
2008a 
Siddiqui and Akhtar, 
2008b 
Siddiqui and Akhtar, 
2008c 
Akhtai and Siddiqui, 
2009 
Siddiqui and Futai, 
2009 
Siddiqui and Akhtar, 
2009a 
Siddiqui and Akhtar 
2009b 
Siddiqui era/,2009 
Oka era/, 1993 
Siddiqui and 
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M ja\ anica 
M javanica 
M ja\ anica 
M javanica 
A4 ja\ anica 
M javanica 
M javanica 
M javanica 
M javanica 
M. exigiia 
M exigua 
Globodera pallida 
Globodera pallida 
Globodera pallida 
Globodera pallida 
Heterodera cajani 
H cajani 
M incognita 
H cajani 
H zeae 
H avenae 
H cajani 
B subtilis 
P aeiuginosa 
P fluoi escens 
Azotobactei 
chroococcum 
Azospii ilium 
brasdense 
P aeruginosa 
P fluoi escens 
P fluoi escens 
CHAO 
Brevibacillus 
brevis or 
B subtdis 
P putida 
P alcaligenes 
P polymyxa 
B pumih/s 
P fluorescens 
EPS291 and 
EPS817 
P putida 
P alcaligenes 
Paenibacillus 
niacerans 
Number of 
bacterial isolates 
Agrabactenum 
radiobactei 
B sphaeiicus 
Agrobactermm 
radiobactei 
B subtilis 
Bacillus subtilis 
B cereus 
B pumilus 
Pseudomonas 
P fluorescens 
morphometries of M javanica females on 
tomato in different soil 
Greatest growth of tomato and high 
reduction in nematode multiplication 
occurred when ammonium sulphate was 
used with B subtilis and G mosseae 
Reduced the galling and nematode 
population on tomato 
Use of P Jhioi escens with Glomus 
mosseae was better at improving chickpea 
growth and reducing galling and 
nematode multiplication than other 
treatments 
Bare root dip or soil drench treatment 
reduced nematode penetration into tomato 
roots 
Use of P fluoi escens with ammonium 
moiybdate reduced the nematode 
penetration in mung bean 
Use of B7 strain as seed dressing was 
found to be most effective m reducing 
nematode population on mung bean 
Use of all PGPR stiams reduced the 
galling and nematode reproduction in 
lentil but P putida was found best in 
reducing galling and nematode 
reproduction 
Both the isolates significantly increased 
the plant gro^ t^h and reduced nematode 
reproduction in micropropagated banana 
Individually all the PGPR strains 
significantly reduced the disease severity 
in chickpea 
Culture filtrate under m vitro condition 
showed potential against the root-knot 
nematode M ex/gwa juveniles 
Seed treatment reduced nematode 
penetration in potato roots 
Reduced nematode infection by 40% 
when sprayed on seed pieces of potato 
Rhizobacteria systemically induced 
resistance against potato cyst nematode 
Bacteria reduced nematode multiplication 
on pigeon pea 
Most effective isolates against all tested 
species were B subtilis and B pumilus 
The non-cellulai extract exhibited high 
larvicidal properties 
Reduced multiplication of H cajani on 
pigeon pea 
Mahmood, 1998 
Siddiqui and 
Mahmood, 2000 
Siddiqui et al, 2000 
Siddiqui and 
Mahmood, 2001 
Siddiqui and 
Shaukat, 2002 
Hamid etal,2QQ3 
Li et al, 2005 
Siddiqui et al, 2007 
Rodriguez-Romero et 
al, 2008 
Siddiqui and Akhtar, 
2009c 
Ohveira et al, 2009 
Racke and Sikora, 
1985 
Sikora eM/, 1989 
Hasky-Gunther et al, 
1998 
Siddiqui and 
Mahmood, 1995a 
Gokte and Swarup, 
1988 
Siddiqui e/a/, 1998 
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Heterodera schachtii 
H schachtii 
H schachtii 
290 isolates 
8 isolates 
Other nematodes species 
Rot)'Ienchulns 
renifonnis 
Meloidogyne spp 
Cnconemella 
xenoplax 
Cnconemella 
xenoplax 
Panagtellus sp 
C elegans 
R lenifonms, 
P penetrans 
R reniformis 
R similis, 
Meloidogyne spp 
Heterodei a 
crucifei ae 
Bacillus subtil is 
Pseiidomonas 
aureofaciens 
Pseudomonas 
aureofaciens 
P fluoi escens 
Bacillus 
thiinngiensis 
Pseudomonas 
solanaceai um 
P putida, 
P fluoi escens 
Fluorescent 
pseudomonads 
Eight isolates \sere antagonistic to H 
schachtii, 3 isolates were identified as P 
fliiorescens 
Nematode penetration was reduced by 6 
of 8 isolates tested 
Reduced nematode reproduction and 
galling on cotton, tomato, peanut and 
sugar beet 
One strain inhibited nematode 
multiplication m greenhouse test 
Bacteria suppressed population of ring 
nematode 
Bacteria cultivated on plate count broth 
reduced nematodes up to 57 4% 
Isolate 371 of bacterium reduced 
nematode populations on tomato and 
strawberry 
Slight inhibition of nematode activity on 
aubergine roots 
Inhibited invasion of R sundis and 
Meloidogyne spp in banana, maize and 
tomato 
Growth and hatching of nematode eggs 
were inhibited 
Oostendorp and 
Sikora, 1989a 
Oostendorp and 
Sikora, 1989b 
Sikora, 1988 
Westcott and 
Kluepfel, 1992 
Kluepfel etal, 1993 
Weidenbomer and 
Kunz, 1993 
Zuckerman el al, 
1993 
Kermarrec et al, 
1994 
Aalten etal, 1998 
Aksoy and Mennan, 
2004 
2.3 Rhizobia 
Rhizobia and Bradyrhizobia are well known as the microbial symbiotic partners of 
legumes, formmg N2-nodules In fact rhizobia can produce phytohormones, siderophores, 
HCN, they can solubilize sparingly soluble organic and inorganic phosphates, and can 
colonize the roots of many non-legume plants (Antoun et al, 1998). Under greenhouse 
condition, radish dry matter yield was increased by inoculation with strains of 
Bradyrhizobium japomcum, Rhizobmm leguminosarum bv. phaseoh, R leguminosarum 
bv. trifoln, R leguminosarum bv. viciae and Sinorhizobium meliloti. The highest 
stimulatory effect (60% increases in compared to uninoculated control) was observed 
with strain Soy213 of B japomcum (Antoun et al, 1998) In series of field experiments 
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performed between 1985 and 1993, Hoflich et al. (1994) observed that inoculation with 
strain R39 of R. leguminosarum bv. trifolii, significantly (P<0.05) stimulated the shoot 
dry matter yield of maize (Zea mays), spring wheat {Triticum aestivum L.) and spring 
barley {Hordewn vulagre L.) in pot experiments, inoculation of wheat with some strains 
of R. leguminosarum bv. trifolii increased shoot dry matter yield by 16 to 19% and grain 
yield by 23 to 25%, as compared to uninoculated control (Hilali et al, 2001). Chabot et 
al. (1996) obtained under field conditions the stimulation of growth of maize and lettuce 
(Lactuca sativa L.) by inoculation with dicalcium phosphate solubilizing strains of R. 
leguminosarum bv. phaseoli. Similar stimulations were observed when mycorrhizal 
lettuce was inoculated with strains of S. meliloti under gnotobiotic conditions 
(Galleguillos et al., 2000). Inoculation of barley in pots with the tricalcium phosphate 
solubilizing strain Mesorhizobium mediterraneum PECA21 significantly increased the 
plant dry matter yield, and its content in nitrogen, potassium, calcium and magnesium 
(Peix et al., 2001), Azorhizobium caulinodans is a nitrogen fixing bacterium forming 
stem and root nodules on legume host Sesbania rostrata (Ndoye et al, 1994). In the 
presence of flavonoid naringenin strain ORS571 of A. caulinodans is able to colonize the 
root of Brassica napus (O' Callaghan et al., 2000). Several reports indicate that rhizobia 
are endophytes of non-legume plants. Mclnroy and Kloepper (1995) isolated B. 
japonicum from the roots of cotton and sweet corn. Rhizobium giardinii (Reiter et al., 
2002) and S. meliloti (Sturz et al, 1999) were also identified as endophytes of potato. 
Photosynthetic bradyrhizobia were also found as natural endophytes of the African wild 
rice Oryza breviligulata, the ancestor of the African cultivated rice, O. glaberrima 
(Chaintreuil et al, 2000). In region where legumes are cultivated in rotation with non-
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legume, rhizobia are frequently found as endophytes of the non-legume plant involved in 
the rotation. In Egypt, for over the seven centuries production of rice has been benefited 
from the rotation with Egyptian barseem clover (Trifolium alexandrinum), and 3-4 strains 
0^ R leguminosarum bv. trifolii were true rhizobial endophytes of rice, and were able to 
promote rice growth and productivity under laboratory and field conditions (Yanni et al., 
1997). Rhizobium etli is the natural endophyte of maize traditionally cultivated for 
thousands of years in Mesoamerica, in association with beans (Phaseolus vulgaris) 
(Guttierrez-Zamora and Martinez-Romero, 2001). Lupwayi el al. (2004) observed that in 
the bulk soil, rhizosphere or the rhizoplane of barley, wheat and canola the populations 
of rhizobia were greater when these crops were grown in rotation after pea as compared 
to monoculture, and R. leguminosarum bv. viciae colonized the root interiors of the tliree 
plants. 
Rliizobia have a good potential to be used as biological control agents against 
some plant pathogens. Strains of 5". meliloti are antagonistic to F. oxysporum (Antoun et 
(3/., 1978), the rhizobia antagonistic to F. solani f sp.phaseoli isolated from commercial 
snap bean, appeared to have a good potential for controlling fusarium rot (Buonassisi et 
al., 1986). Haque and Ghaffar (1993) observed under field conditions that S. meliloti, R. 
leguminosarum, bv. viciae and B. japonicum used either as seed dressing or as soil 
drench reduced infection of Macrophomina phaseolina, Rhizoctonia solani and Fusarium 
spp., in both leguminous (Glycine max and Vigna radiata) and non-leguminous 
(Halianthus annuus and Abelmoschus esculentus) plants. In a field naturally infested with 
Pythium spp. inoculation of pea (Pisum sativum L.) and sugar beet with strains RI2 of 
R. leguminosarum bv. viciae, isolated from lentil {Lens culinaris) in Alberta Canada, 
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significantly incieased seedling emergence four weeks after planting (Baidin et al, 
2004) In one field experiment performed with sugar beet in August 2001, rhizobia R12 
was as effective as the fungicide Thiram'^ '^  used as seed treatment to control the Pythium 
diseases. Two other strains R20 and R21 isolated from pea showed comparable results 
and are potentially good biocontrol agents against Pythium diseases in pea and sugar beet 
Reitz et al (2000) showed that the lipopolysaccharides oi R etli G12 induce the systemic 
resistance to infection by the cyst nematode Glohodera pallida in potato roots. 
Table ui Effect of Rhizobium on the nematodes disease of plants 
Root-nodule 
bacterium 
Rhizobium sp 
Rhizobium sp 
Rhizobium sp 
Rhizobium sp 
Rhizobium 
leguminosarum 
Rhizobium sp 
Rhizobium sp 
Rhizobium phaseoli 
Rhizobium sp 
Bradyrhizobium sp 
Rhizobium sp 
Bradyrhizobium 
japonicum 
Rhizobium sp 
Rhizobium sp 
Bradyrhizobium sp 
Nematodes 
M incognita 
M javanica 
M incognita 
M javanica^ 
R r en if or mis 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M incognita 
M javamca 
M incognita 
M javanica 
M javanica 
Effect 
Prioi inoculation of Rhizobium 
reduced the nematode multiplication 
on mung bean 
Reduced the nematode 
multiplication on mung bean 
Reduced nematode reproduction 
on cowpea 
Inoculation of nematodes had no 
effect on nodulation 
Resulted in greater nematode 
multiplication on cowpea 
Resulted m greater nematode 
multiplication on cowpea 
Reduced the nematode 
multiplication on cowpea 
Treatment of/?/j/ja^eo// reduced 
nematode reproduction on mung bean 
Reduced the nematode population 
on pea 
Reduced nematode multiplication on 
chickpea 
Reduced nematode multiplication on 
lentil 
Reduced nematode multiphcation 
on chickpea 
Reduced nematode multiplication 
on pea 
Seed treatment with Rhizobium sp 
caused reduction in nematode 
multiplication on chickpea 
Reduced galling and nematode 
multiplication on chickpea 
Reference 
Hussani and 
Seshadri, 1975 
Bopaiah et al, 1976 
Shanna and Sethi, 
1976 
Taha and Kassab, 
1980 
Ah etal, 1981 
Vashney, 1982 
Khan and Husain, 
1988 
Tiyagi and Alam, 
1988 
Sharma and Tiyagi, 
1990 
Siddiqui and Husain, 
1992 
Fazalera/, 1992 
Siddiqui and 
Mahmood, 1994 
Siddiqui e /a / , 1995 
Siddiqui and 
Mahmood, 1996b 
Siddiqui and 
Mahmood, 1997 
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Rhizobium phaseoli M incognita Reduced nematode multiplication on 
green gram 
Ray and Dalei, 1998 
Rhizobium sp M incognita Reduced the nematode population 
on black gram 
Sankaranarayanan 
and Sundarababu 
1998 
Rhizobium sp M incognita Prior inoculation of Rhizobium was 
more effective in reducing nematode 
multiplication than simultaneous 
inoculation in pea 
Siddiqui etal, 1999 
Biadyihizobium M incognita 
japomcum 
Had adverse effect on the 
galling and nematode 
multiplication on lentil 
Siddiqui and 
Mahmood, 1999a 
Rhizobium sp M javanica " Adverse effect on the galling and 
nematode multiplication on lentil 
Varshney et al, 2000 
Rhizobwm eth G12 M incognita Reduced the galling on 
crops 
vegetable Mahdy et al, 2001 
Rhizobium sp M incognita Reduced nematode 
on chickpea 
reproduction Shafi et al, 2002 
Rhizobium sp M javanica Inoculation of Rhizobium 
resulted in greater nematode infection 
on Sesbania seban 
Desacgar et al, 2005 
Rhizobium sp M incognita Reduced the galling 
nematode multiplication on pea 
and Siddiqui and Singh, 
2005b 
Rhizobium sp M javanica Reduced 
on lentil 
nematode multiplication Siddiqui et al, 2007 
Rhizobium sp A4 incognita Application of Rhizobium alone and in 
combination of G fasciculatum 
reduced galling and nematode 
multiplication 
Akhtar and Siddiqui, 
2007b 
Bi adyrhizobium M incognita Bi adyrhizobium suppi essed nematode 
japomcum reproduction and reduced 
nematode galling m comparison to 
synthetic nematicide treatment 
Oyekanmi et al, 
2007 
Rhizobium sp Meloidogyne sp Inoculation of Rhizobium along with 
Bacillus spp caused reduction in 
damage by root-knot nematode 
Karanja et al, 2007 
Table iv Effect o^ Rhizobium on the fungal disease on plants 
Root-nodule 
bacterium 
Rhizobium meliloti 
Rhizobium sp 
Rhizobium sp 
Rhizobium sp ^  
Bradyrhizobium sp 
Fungus 
Phytophthora 
megasperma_, 
Fusarmm 
oxysporum 
M phaseolina 
Fusarmm solani 
f sp pisi 
M phaseolina 
Effect 
Reduced the incidence of root-rot on 
alfalfa 
Seed treatment with Rhizobium 
significantly reduced the charcoal rot 
on soybean 
Rhizobitoxme produced by Rhizobium 
reduced the pathogenic fungi on pea 
Inhibited the growth of M phaseolina 
on sunflower and mung bean 
Reference 
Tu, 1980 
Chakrabrothy and 
Pukayastha, 1984 
Chakrabrothy and 
Chakrabrothy, 1989 
Hussain et al, 1990 
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Rhizobium meliloti F. oxysporurrij 
Fusarium solani 
Seed treatment significantly 
controlled infection of Fusarium 
oxysporum and Fusarium solani on 
tomato and okra. 
Farzana et ai, 1991 
Bradyrhizobium sp. M. phaseolina Prior inoculation oi Bradyrhizobium sp. 
reduced the damage caused by 
pathogen. 
Siddiqui and Husain, 
1992 
R. meliloti J 
R. leguminosarum, 
B. japonicum 
M. phaseolina^ Use of RJiizobial strains as seed 
R. solani, dressing or soil drench reduced the 
F. solani infection of pathogen in both 
leguminous and non leguminous plants. 
Haque and Ghaffar, 
1993 
Bradyrhizobium 
japonicum 
Fusarium 
oxysporum f sp. 
ciceris 
Reduced the disease severity on 
chickpea. 
Siddiqui and 
Mahmood, 1994 
Bradyrhizobium sp. R. solani Inoculation of Bradyrhizobium reduced 
the mycelial growth and sclerotia 
formation in vitro. 
Kelemuera/., 1995 
Bradyrhizobium Fusarium udum Reduced the disease severity on pigeon 
japonicum pea. 
Siddiqui and 
Mahmood, 1995a 
Rhizobium 
leguminosarum 
Fusarium solani Reduced the population density of F. Dar et al., 1997 
solani on common bean. 
Bradyrhizobium sp. Fusarium solani Reduced the damage 
pathogen on chickpea. 
caused by Siddiqui and 
Mahmood, 1997 
Rhizobium Botrytis fabae Significantly reduced 
severity on Viciafaba. 
the disease Rabie, 1998 
R. trifolii Phytophthora 
clandestina 
Reduced the disease severity on clover. Simpfendorfer et al., 
1999 
Rhizobium Fusarium 
oxysporum^ 
Sclerotium rolfsii 
Seed treatment with Rhizobium is 
effective in controlling Fusarium 
oxysporum and Sclerotium • rolfsii 
diseases and also increased growth on 
lentil. 
Hossain ef a/., 1999 
Rhizobium sp. Fusarium 
oxysporum f. sp. 
pisi 
Prior inoculation of Rhizobium sp. 
reduced the damage caused by 
pathogen than simultaneous 
inoculation on pea in different soils. 
Siddiqui e/a/., 1999 
Bradyrhizobium Fusarium udum Reduced the disease severity on pigeon 
japonicum pea. 
Siddiqui and 
Mahmood, 1999a 
Rhizobium sp. F. oxysporum Seed bacterization with Rhizobium 
reduced the no. of infected pea in 
infected soil. 
Kumar e/a/., 2001 
Rhizobium 
leguminosarum 
Car 9.3.2 isolate 
Fusarium 
oxysporum, 
Pythium ultimum^ 
Rhizoctonia 
solani 
Siginficantly inhibits the growth of 
fungal pathogens. It inhibits the growth 
in 14.65-16.03% for R. solani, 14.62-
30.35% for P. ultimum isolates and 
14.58-29.75% for F. oxsporum on 
bean. 
Ozkoc and Deliveli, 
2001 
R. tropici F. oxysporum f 
sp. phaseoli^ 
F. solani 
R. solani 
Reduced the root-rot disease on bean. Estevez de Jensen el 
al., 2002 
Bradyrhizobium sp. Macrophomina Out of 10, three Bradyrhizobium sp. 
phaseolina. showed the antifungal activity against 
the M phaseolina on groundnut. 
Deshwal et al, 2003 
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Rhizobium Fiisanwn Culture filtrate of bacterium protects Essalmani and 
legummosai urn oxyspoi um f sp the lentil against the Fiisanwn Lahlou, 2003 
lentis oxysporum 
Rhizobium Pythium spp Reduced the severity of damping off on Bardin et al, 2004 
leguminosarum pea and sugar beet 
Rhizobium sp Fusai nun increased the growth and reduced the Siddiqui and Singh, 
oxysporum f sp disease severity in chickpea 2004 
cicei is 
Rhizobium sp S rolfiii Reduced the severity of disease on Ganesan e/a/, 2007 
ground nut 
Rhizobium sp Pythium spp Seed treatment w ith R leguminosarum Huang and Enckson, 
bv viceae significantly reduced 2007 
incidence of damping off on pea and 
lentil 
Rhizobium strains Fusai lum solani Seed treatments with Rhizobium strains Khalequzzaman and 
(BINAR P36 and significantly reduced the foot and root- Hossain, 2007 
BINAR P6) rot disease on Bushbean 
Rhizobium sp M phaseolina Reduced the root-rol disease severity Akhtar and Siddiqui, 
on chickpea 2008b 
2.4 Possible mechanisms of PGPR 
PGPR can directly and indirectly control the plant diseases and stimulate the plant growth 
by various mechanisms. Indirect mechanisms used by PGPR for the biocontro! of 
diseases include production of antibiotics to kill the pathogens, production of 
siderophores to reduce the available iron to phytopathogens, synthesis of fungal cell wall 
lysis enzymes and other toxins such as HCN and competition with detrimental 
microorganisms for sites of plant roots. Direct mechanisms by which PGPR increase 
plant growth include solubilization of inorganic phosphate, fixation of atmospheric 
nitrogen, synthesis of phytohormones like auxins, cytokinins, and gibberellins and 
lowering the plant ethylene levels (Glick, 1995; Glick et al; 1999, Lucy et al, 2004). A 
particular plant growth promoting bacterium may possess one or more of these 
mechanisms. Some of them are discussed below. 
2,4.1 Siderophores production 
Iron is an essential nutrient for all living organism. In the soil it is unavailable for direct 
assimilation by microorganisms because ferric ion (Fe III), which predominates in nature. 
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is only sparingly soluble and too low in concentration to support microbial growth. To 
survive, soil microorganisms synthesize and secrete low-molecular-weight iron binding 
compounds known as siderophores. Siderophores bind Fe III with a very high affinity. 
The bacterium that originally synthesized the siderophores takes up the iron siderophore 
complex by using a receptor that is specific to a complex and is located in the outer cell 
membrane of the bacterium. Once inside the cell, the iron released and is then available 
to support microbial growth. PGPR can prevent the proliferation of fungus and other 
pathogens by producing siderophores that binds most of the Fe III in the area around the 
plant root. The resulting lack of iron prevents pathogen from proliferating in this 
immediate vicinity. The PGPR out-compete the pathogen for available iron, thus causing 
the death of latter. Plants are not affected by localized depletion of soil iron as most of 
plant can grow at much lower iron concentrations (about 1000 fold less) then 
microorganisms. 
Microbial siderophores very widely in overall structure but most contain 
hydroxamate and catechol groups which are involved in chelating the ferric iron 
(Neilands, 1995). The involvement of siderophore in disease suppression is based on: 
• Inhibition of the antagonistic activity of PGPR by addifion of dissolved ferric 
ion in vitro and in vivo. 
• Ineffectiveness of siderophore minus PGPR mutants to suppress pathogens. 
• Inhibition of the growth of pathogens in vitro and increase the plant growth by 
purified siderophores. 
Suppression of soil borne plant pathogens by siderophores producing 
pseudomonads were observed (Bakker et ai, 1986, 1987; Becker and Cook, 1988, Loper, 
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1988) and the wild type strain was more effective in suppressing disease compared to non 
siderophore-producing mutants. Siderophores production is an important feature for the 
suppression of plant pathogens and promotion of plant growth. Fluorescent siderophore 
production was observed as a mechanism of biocontrol of bacterial wih disease in the 
fluorescent psudomonads RBL 101 and RSI 125 (Jagadeesh et al, 2001). 
The capacity to utilize siderophores is the important for the growth of bacteria in 
the rhizosphere (Jurkevitch at a/., 1992) and on the plant surface (Loper and Buyer, 
1991). Specific siderophores producing Pseudomonas strains rapidly colonized roots of 
several crops and colonization of roots resulted in yield increases (Schroth and Hancock 
1982). Enhanced plant growth caused by pseudomonads strains was often accompanied 
by the reduction of pathogen populations on the root. There is convincing evidence to 
support the direct role of siderophores mediated iron competition in the biocontrol 
activity exhibit by such isolates (Leong 1986; Loper and Buyer, 1991). The antagonism 
depends on the amount of iron available in the medium; siderophores produced by a 
biocontrol agent and sensitivity of target pathogen (Kloepper et al, 1980; Wegar et al,. 
1988). Production of ALS 84 and siderophore may contribute to the biocontrol of crown 
gall by Agrobacterium rhizogenes K84 especially under conditions of iron limitation 
(Penyalver era/., 2001). 
Iron nutrition of the plant influences the rhizosphere microbial community 
structure (Yang and Crowley, 2000) and the role of the pyoverdine siderophore produced 
by many Pseudomonas species has been clearly demonstrated in the control of Pythium 
and Fusarium species (Loper and Buyer, 1991; Duijff e? ai, 1993). Pseudomonads also 
produce two other siderophores, pyochelin and its precursor salicylic acid, and pyochelin 
29 
is thought to contribute to the protection of tomato plants from Pythium by Pseudomonas 
aeruginosa 7NSK2 (Buysens el al., 1996). Different enviromnental factor can also 
influence the quantity of siderophores produced (Duffy and Defago, 1999). 
2.4.2 Colonization of root 
Rliizosphere colonization is important not only as the first step in pathogenesis of soil 
borne microorganisms but also is crucial in the application of microorganisms for 
beneficial purposes (Lugtenburg et al., 2001). PGPR generally improves plant growth by 
colonizing the root system and pre-empting the establishment of, or suppressing 
deleterious rhizosphere microorganisms (Schroth and Hancock, 1982). PGPR must be 
able to complete the indigenous microorganisms and efficiently colonize the rhizosphere 
of the plants to be protected. Colonization is widely believed to be essential for 
biocontrol (Weller, 1983; Parke, 1991) and a biocontrol agent should grow and colonize 
the surface of plant. The ineffectiveness of PGPR in the field has often been attributed to 
their in ability to colonize plant roots (Benizri et al, 2001; Bloemberg and Lugtenberg, 
2001). Colonization or even initial population size of the biocontrol agent has been 
significantly correlated with disease suppression (Parke, 1990; Bull et al., 1991). 
Under field conditions percolating water probably plays an essential role in 
passive distribution of bacteria on roots (Liddell and Parke, 1989). Cell surface 
characteristics influence the attachment of bacteria to roots which may be necessary for 
colonization (Vesper, 1987; Anderson et al, 1988). Certain mutants that affect 
accumulation of secondary metabolites also influence colonization of plants roots in the 
field (Mazzola et al, 1992; Carroll et al, 1995). Analysis of mutants indicates that 
prototrophy for amino acids and vitamin Bl, rapid growth rate, utilization of organic 
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acids and lipopolysaccharide properties contribute to colonization (Lugtenberg et al., 
1996). 
A variety of bacterial traits and specific genes contribute to colonization but only 
few have been identified (Benizri et al., 2001; Lugtenburg et al., 2001). These include 
motility, chemotaxis to seed and root exudates, production of pili and fimbriae, 
production of specific-cell surface components, ability to use specific components of root 
exudates, protein secretion and quorum sensing (Lugtenburg et al., 2001). Competition of 
introduced bacteria with indigenous microorganisms already present in the soil and 
rhizosphere of the developing plant is another important aspect for root colonization. 
2,4.3 Production of phytohormones 
Plant growth regulators participate in the growth and development of cells, tissues, 
organs and in fact the entire plant. These compounds are active in plants in very minute 
amounts and their synthesis is extremely regulated. Plants not only produce 
phytohormone but also, numerous plant associated bacteria both beneficial and harmful, 
produce one or more of these substances (Dobbelaere et al., 2003). Many studies suggest 
the involvement of indole-3-acetic acid (lAA), produced by Azospirillum, in 
morphological and physiological changes of the inoculated plant roots (Tien et al., 1979; 
Kapulnik et al., 1985; Harari et al., 1988). It is noteworthy that bacterial plant-dependent 
response induces lAA synthesis by Pantoea agglomerans (Brandl and Lindow, 1997), 
and also, greater auxin production by rhizospheric strains of P. polymyxa than by non-
rhizospheric isolates (Lebuhn et al., 1997). Differential behavior of the isolates in relation 
to the proximity to plant tissue could be linked to a great competitiveness of the more 
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actively phytohormone-synthesizing strains. Inoculation experiments of single or mixture 
of strains, previously isolated from different distances from roots, could help in 
determining this issue. Also it would be exciting to determine if the rhizosphere gradient 
of plant exudates participates in determining a differential response in the bacterial 
synthesis and release of phytohormones. Particularly for bacterial lAA synthesis, the 
findings of Vande Broek et al. (1999) that this phytohormones induces some bacterial 
genes could be useful for designing tooh to determine the differential response. In 
rhizospheric colonization of rice by Pseudomonas sMzeri A15, Rediers et al., (2003) 
found expression of miaA whose product could be involved in the production of 
cytokinin trans-zeatin in association with the plant. Many inoculation effects in plant 
have been attributed to bacterial synthesis and release of phytohormones. Expression of 
an auxin-responsive promoter in Arabidopsis indicated that plants really detect the 
bacterial synthesized lAA released in the rhizosphere (O'Callaghan et al., 2001). 
The general effect on the plant can be direct, that is through plant growth 
promotion, or indirect, that is through improving plant nutrition via the better 
development of roots, and it is difficult to distinguish between them. Additionally, plant 
associated bacteria could induce phytohormones synthesis. The elevation of root lAA 
level in lodgepole pine plantlets, inoculated with Paenibacillus polymyxa, and, of 
dihydroxyzeatin riboside root concentration in the plants inoculated with Pseudomonas 
fluorescens (Bent et al, 2001), might be attributed to the induction of plant hormone 
synthesis by the bacteria, however the uptake of bacterial synthesized phytohormones can 
not be excluded, since both P. polymyxa and Pseudomonas sp. produce cytokinins and 
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lAA in vitro (Akiyoshi et al., 1987; Srinivasan et ai, 1996; Timmusk, et al., 1999; Bent 
e/a/, 2001). 
2.4.4 Hydrogen cyanide (HCN) production 
Cyanide is a secondary metabolite produced by gram negative P. fluorescens, P. 
aeruginosa, and Chromobacferium violaceum (Askeland and Morrison, 1983) and the 
HCN produced by many other rhizospheric bacteria has been demonstrated to play a very 
important role in biological control (Goel et al., 2002; Voisard et al., 1989; Bagnasco et 
al, 1998). Hydrogen cyanide (HCN) and CO2 are formed from glycine (Castric, 1977) 
catalyzed by HCN synthase (Castric, 1994). HCN synthase of Pseudomonas sp. oxidize 
glycine in the presence of electron acceptors, e.g., phenazine methosulfate (Wissing, 
1974). P. fluorescens CHAO is an aerobic, root-colonizing biocontrol bacterium that 
protects several plants from root diseases caused by soil borne fungi (Voisard et al., 
1994). HCN production by strain CHAO suppresses black root rot of tobacco, caused by 
Thielaviopsis basicola (Sacherer et al, 1994). GacA-negetive mutants of strain CHAO, 
defective in synthesis of HCN, antibiotics, and exoenzymes, lost the ability to protect 
tobacco from black root rot (Voisard et al., 1989). Kirimura et al. (1987) reported that 
HCN affects the respiratory system of pathogenic fungi and results in their growth 
inhibition. However the most positive aspect of HCN- producing strains is that they could 
be safely used as biocontrol agents of soil borne pathogens because these strains do not 
have any adverse effects on bacterial population (Poitrowska-Saget and Kozdroj 1999) or 
on plant growth (Bagnasco et al, 1998). 
2.4.5 Phosphate solubilization 
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Most of the phosphorus in insoluble compounds is unavailable to plant. Phosphate 
solubilizing bacteria may be important for plant nutrition by increasing P uptake by 
plants, and may play a significant role in biofertilization of crops (Yazdani et al., 2009). 
Such bacteria not only assimilate phosphorus but the large portion of soluble phosphate is 
released in quantities in excess of their own requirement (Tilak et al., 2005). An increase 
in phosphate availability to plants through the inoculation of phosphate solubilizing 
microorganisms has been reviewed several times in pot experiments (Kumar el al., 2001) 
and field conditions (Chabot et al, 1996). Phosphate solubilizing bacteria (PSB) are 
found in majority of soils (Kumar et al, 2001; Venkateswarlu et al, 1984; Nautiyal et 
al, 2000) and soil inoculation with PSB has been shown to improved solubilization of 
fixed soil phosphate and resulting in higher crop yields. However, performance of PSB is 
severely influenced by environmental factors especially under stress conditions (Pal, 
2001; Tilak, 1991). There are reports on the occurrence of PSB's in various 
environmental stress as alkaline soils with 2 % salt concentration, pH 10.5 and 
temperature between 35-45°C (Johri et al, 1999). Gaind and Gaur (1991) have isolated 
thermotolerant phosphate solubilizing microorganisms functional at temperature as high 
as 45°C while Das et al. (2003) reported the phosphate solubilizing potential of PSB at 
low temperature of 10°C and 25° C. 
Several Pseudomonas isolates are able to solubilize sparingly soluble inorganic 
and organic phosphates (Chabot et al, 1993; Rodriguez and Fraga, 1999). Less than 0.5% 
of the 200 randomly selected isolates obtained from Australian soils were able to use 
inositol hexaphosphate as sole source of carbon and phosphorus (Richardson and 
Hadobas, 1997). Further study of 238 isolates obtained from enrichment culture allowed 
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the identification of four unique isolates showing the abiHty to specifically utilize inositol 
hexaphosphate, two of them were putative fluorescent {P. putida) and two were non-
fluorescent pseudomonads {P. mendocina). The fluorescent Pseudomonas strains 
exhibited marked phytase activity and liberated up to 81% of P from inositol 
hexaphosphate. In field performance performed in Quebec (Canada), inoculation with 
tricalcium phosphate solubilizing Pseudomonas sp. 24 caused a significant increase in 
maize plant height after 60 days of growth and an 18 % increase in lettuce shoot fresh 
matter yield (Chabot el al, 1993). 
t3bat3ter3 
MATERIALS AND METHODS 
One thousand three hundred forty pigeon pea root and soil samples were collected 
from 67 districts of U.P., India. These samples were collected in polythene bags, 
brought to laboratory and stored in refrigerator at 4 °C till the processing. The 
samples were examined for the presence of the root-knot nematode Meloidogyne spp. 
and pigeon pea cyst nematode Heterodera cajani. Nematodes populations in the soil 
samples were also estimated. Fusarium udum was isolated from infected root samples 
on potato dextrose agar medium (PDA) and pure cultures of each isolate were 
maintained. 
3.1 Isolation and identification of root-knot nematodes 
Collected roots were examined for the root-knot symptoms. Root galls were dissected 
for the females of root-knot nematodes. Identifications of Meloidogyne species were 
made^ on the basis of perineal patterns (Taylor and Sasser, 1978). Soil samples were 
also processed for the isolation of nematodes by Cobb's sieving and decanting 
technique followed by Baermann funnel (Southey, 1986). Identification of root-knot 
juveniles were also made from the nematode suspension. 
3.2 Isolation and identification of pigeon pea cyst nematodes ^cterorfera cajani 
Soil and pigeon pea root samples were used for the extraction of H. cajani. Cysts of 
H. cajani were extracted from 250 g soil using a 100 mesh sieve. The catch of sieve 
was filtered through a filter paper, observed under stereomicroscope and cysts were 
collected with a camel hair brush No.l. Collections of cysts were also made from the 
pigeon pea roots. Collected cysts were identified on vulval cone and cone top 
structures (Sharmaand Swarup, 1984). 
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3.3 Isolation of wilt fungus from pigeon pea roots 
Plants with wilt symptoms were used for the isolation of the fungus. Roots were 
transferred to a sterilized Petri plates containing sterilized distilled water and gently 
freed of soil particles. These roots were transferred to another Petri plate and process 
was repeated till all adhering soil particles were removed. Later, the roots were cut 
into 5 mm pieces and transferred to Petri plate containing 0.1 % sodium hypochlorite 
(NaOCl) solution. After one minute, root pieces were washed thrice in distilled water 
and dried on filter paper. Five root pieces were then plated in each of Petri plates 
containing Potato Dextrose Agar (PDA) medium (Peeled Potato 200 g; Dextrose 20 g; 
Agar 15 g; Distilled water 1000 ml) with the help of sterilized forceps under aseptic 
condition. Petri plates were incubated at 25 ± 1 °C for 10 days. The fungus that 
developed on root segments was examined and identified. On confirmation of its 
identity as Fusarium udum Butler, pure culture of the fungus was maintained. 
Different isolates of F. udum were isolated; isolate of Aligarh (Al) was more virulent 
compared to others in a preliminary test. Therefore, F. udum isolate (AI) was used 
throughout the experiments. 
3.4 Isolation of rhizobacteria from soils 
Pathogen suppressive soils were used for the isolation of rhizobacteria. Pikovaskaya 
medium (Pikovaskaya, 1948) was used for the isolation of rhizobacterial isolates. The 
composition of Pikovaskaya medium was as follow. 
Pikovaskaya medium 
Glucose 
Ca3 (P04)3 
(NH4)2S04 
KCl 
MgS04.7H20 
MnS04.7H20 
10.0 g 
5.0 g 
0.5 g 
0.2 g 
0.1 g 
0.006 g 
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FeS04.7H20 0.006 g 
Yeast extracts 5.0 g 
Agar 15.0 g 
Distilled water iOOO ml 
• For the isolation rhizobacteria, 10 g soil was dissolved in 100 ml normal saline 
solution. 
• Seven test tubes each with 9 ml normal saline solution were prepared and 
marked as 1 to 7. 
• One ml from stock solution was aseptically transferred to first test tube 
making the dilution 10''. 
• Solution in the test tube was mixed and 1 ml from this test tube (10"') was 
transferred aseptically to next, making it as 10' . 
• Similar transfers were made till 10'^  dilution was achieved. 
• From 10"'' dilution, 0.1 ml was transferred to sterile Pikovaskaya agar plate 
and spread properly. This step was repeated with all other dilutions. 
• All the Petri plates were kept for incubation at 30 ± 1 °C for 24-72 hrs. 
• Plates were observed for different colonies of bacteria. Required bacterial 
colonies were picked, properly streaked on separate Pikovaskaya agar plates to 
get pure colonies. 
Bacterial isolates were identified by using Bergey's Manual of Determinative 
Bacteriology (Horte/a/., 1994). 
3.5 Maintenance of rhizobacterial cultures 
Rhizobacterial isolates were sub cultured on nutrient broth and nutrient agar medium 
(Hl-media laboratories Pvt. Ltd., Mumbai, India), while the fungus culture was 
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maintained on PDA. Later, the stock cultures of these rhizobacterial isolates were 
maintained separately in culture tubes on their respective medium. 
Rhizobacterial isolates were evaluated for their biocontrol potential in 
laboratory and green house. Potential isolates were selected on the basis of their effect 
on hatching and penetration of nematodes, antifungal activity and colonization of root 
by these isolates. 
3.5.1 Effect of rhizobacterial isolates on hatching of root-knot nematodes 
Effect of bacterial isolates was observed on the hatching o^Meloidogyme incognita in 
small Petri plates at 25 ± 1 °C. Twent>' egg masses of almost similar size were hand 
picked with sterilize forceps from the roots of brinjal {Solanum melongena L.) and 
were placed for hatching in 20 ml suspension of each bacterial isolate separately. One 
ml suspension contains 1.5 x 10^  colony forming units (CFU) / ml. For control, twenty 
egg masses were placed in 20 ml double distilled water. Each set was replicated five 
times. 
3.5.2 Effect of rhizobacterial isolates on penetration of root-knot and pigeon pea 
cyst nematodes 
Penetration of M. incognita and H. cajani was observed into pigeon pea roots both 
inoculated with rhizobacterial isolates and uninocuiated once. For observation of 
nematode penetration, seeds were sown in ice-cream cups with 100 g steam sterilized 
soil. Ten mi of each isolate was poured in 20 g soil and 20 seeds were wrapped in this 
soil. One week after germination seedlings were inoculated with 50 second stage 
juveniles of M incognita and H. cajani separately by exposing the roots carefully and 
soil was replaced. Each treatment was replicated five times. After 20 days, the roots 
were taken out, washed with distilled water and stained with cotton blue lacto phenol. 
Roots were cut into small pieces and observed under the stereomicroscope. 
Penetrations of nematodes in the roots were counted. 
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3.5.3 Colonization of root by rhizobacterial isolates 
Colonization of root by different isolates of rhizbacteria was also observed to screen 
the effective strains. Pigeon pea roots inoculated with rhizobacteria were collected 20 
days after sowing. Surface sterilized 1 g root was crushed in sterilized normal saline 
solution (NSS) and 0.1 ml serially diluted extracts were plated on nutrient agar Petri 
plates. The Pteri plates were incubated at 30 ± 1 °C for 24 hrs. The Petri plates were 
placed on Quebec colony counter for counting rhizobacterial colonies. The colony 
falling in the range of 30-300 were selected and multiplied by reciprocal dilution 
factor to calculate bacterial colonies (Sharma, 2001) and represented as colony 
forming units (CFU) per g root. 
3.5.4 Effect of rhizobacterial isolates on the wilt fungus 
The antifungal activity of rhizobacterial isolates was determined by employing the 
dual culture technique against the wilt fungus F. udiim. The Petri plates containing 
PDA were divided into two equal halves. Each isolate was separately streaked in the 
first half of the Petri plate while F. udum was inoculated on the other half of the Petri 
plate about 1 cm apart from the rhizobacterial isolate. The plates were incubated at 25 
± 1 °C, and observed every 24 hrs upto 10 days. Effect of rhizobacterial isolate on the 
growth of fungus was observed and the antifungal activity of rhizobacterial isolate 
was denoted as positive (+) and negative (-). 
3.5.5 Effect of rhizobacterial isolates on the growth of seedling 
Effect of rhizobacterial isolates on growth of seedlings of pigeon pea was evaluated 
by the method of Shende et al. {\911) and Elliot and Lynch (1984) with slight 
modifications. The seeds were surface sterilized in 0.1% sodium hypochlorite 
(NaOCl) solution for 3 min and rinsed twice with distilled water. The rhizobacterial 
cultures of each isolate were inoculated into 250 ml flasks containing 100 ml nutrient 
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broth separately and were incubated at 30 ± 2°C for 48 h having 1.5 x 10 cells / niL. 
The seeds were dipped into the nutrient broth bacterial culture for 10 min and placed 
in the Petri plates of 12 cm diameter containing soft agar medium (0.8% sterile agar). 
These Petri plate were incubated at 30 ± 2°C for 8 days. In control treatments, the 
seeds were treated with sterile medium alone. The lengths of seedlings (both shoot 
and root) were recorded. Each set was replicated five times and the experiment was 
repeated once. 
3.5.6 Detection of siderophores 
Siderophores were estimated qualitatively on Chrome-Azurol Sulphonate (CAS) agar 
medium (Schwyn and Neilands, 1987). To prepare 1 1 of blue agar, 60.5 mg CAS was 
dissolved in 50 ml distilled water and mixed with 10 mi Fe (III) solution (I mM 
FeCl3.6H20, 10 mM HCI). Under stirring this solution was slowly added to 72.9 mg 
Hexadecyl tri-methyl ammonium bromide (HDTMA) dissolved in 40 ml distilled 
water. The resultant dark blue liquid was autoclaved. Also autoclaved was a mixture 
of 750 ml distilled water, 100 ml lOx MM9 salts (Na2HP04.7H20 128 g; KH2PO4 30 
g; NaCl 5 g; NH4CI 10 g with additional ingredients MgS04. 7H2O (IM) 2 ml; 
Glucose (20 %) 20 ml; CaCh (IM) 0.1 ml; Casamino acid (2 %) 20 ml; all the 
ingredient has to be deferrated by extraction with 3 % 8-hydroxyquinoline in 
chloroform), 15 g agar, 30.24 g Piperazine buffer. Later, NaOH solution was added to 
raise the pH up to 6.8 and solution was poured into Petri plates. The active culture of 
bacterial isolates were spotted on the dark blue agar plates and kept in an incubator 
for 24 to 48 hrs at 32 ± 2 °C. The appearance of dark orange zone against the dark 
blue agar plates indicated the production of siderophores. 
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3.5.7 Hydrogen cyanide (HCN) production 
Production of HCN was determined by the modified metliod of Miller and Higgins 
(1970). Rhizobacterial isolates were inoculated into 250 ml flasks containing nutrient 
broth and were incubated at 32 ± TC. These isolates were separately streaked on 
nutrient agar medium supplemented with 4.4 g glycine / 1 with simultaneous addition 
of filter paper soaked in 0.5% picric acids in 1% Na2C03 in the upper lid of Petri 
plates (9 cm diameter) and the Petri plates were sealed with Parafilm. After incubation 
for 2-3 days at 32 ± TC, change in colour was observed. Change in colour from 
yellow to light brown (low = c+), brown (moderate = b+) or reddish brown (strong = 
a+) showed the presence of HCN production. 
3.5.8 Indole acetic acid (lAA) production 
The production of lAA by rhizobacterial isolates was determined by the method of 
Gupta et al. (1999) with slight modifications. The cultures of bacterial isolates were 
grown on nutrient broth supplemented with tryptophane (5 mg/ml). Five ml of each 
bacterial culture were centrifuged at 7,000 rpm (2191xg) for 15 min at room 
temperature. The supernatant was collected and finally passed through the millipore 
filter of 0.2 \i pore size. Two ml of supernatant were mixed with two drops of o-
phosphoric acid and 4 ml of freshly prepared Solawaski's reagent (50 ml of 35% 
perchloric acid, 1 ml 0.5% FeC13). The development of pink colour showed the 
production of lAA. Absorbance was read by spectrophotometer at 530 nm. The level 
of lAA produced was estimated by a standard lAA graph and expressed as pg per ml. 
3.5.9 Phosphate solubilization 
Chlorostannous acid was prepared by dissolving 2.5 g of SnCI2.2H20 in 10 ml of 
concentrated HCl and heated as described (Saxena ei al, 2002). Volume was made up 
to 100 ml with distilled water. Similarly 15.0 g ammonium molybdate was dissolved 
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in 400 ml warm distilled water. Later, 342 ml of 12 N HCl was added and allowed to 
cool. Volume of Chromic acid was made one litre with distilled water. Pikovskaya 
broth was prepared (Pikovskaya, 1948), inoculated with rhizobacterial isolates 
separately and incubated at 28-30°C on a shaker for 3-4 days. Test bacterium was 
centrifuged; 1 ml aliquot from supernatant was taken and mixed with 10 ml 
ammonium molybdate. After shaking, it was diluted with 0.25 ml chlorostannous acid 
and final volume was made up to 50 ml. Intensity of blue colour was read at 600 nm. 
Standard curve was prepared with KH2PO4 to find out the amount of solubilized 
phosphorus in \ig per mL. 
3.6 Pot experiments 
All the pot experiments were conducted in green house at 30 ± 2 °C. Meloidogym 
incognita (Kofoid and White) Chitwood, Heterodera cajani Koshy and Fusarium 
udum Butler were used as test pathogens and Cajanus cajan (L.) Millsp. cv, UPAAS 
120 as test plant throughout the course of these investigations. Bacterial isolates 
{Pseudomonas Migula and Bacillus Cohn) were used as biocontrol agents of test 
pathogens. 
3.6.1 Preparation and sterilization of soil mixture 
The sandy loam soil used in the study was taken from a field belonging to Department 
of Botany, Aligarh Muslim University; Aligarh was passed through 10 mesh sieve. 
The soil, river sand and organic manure was mixed in the ratio of 3:1:1 (v/v) (pH 7.5, 
porosity 44%, water holding capacity 40%, electrical conductivity 0.62, available N 
95.76 mg / kg soil, available P 8.79 mg / kg soil and available K 157.02 mg / kg soil) 
respectively and added to jute bags. Water was poured into each bag to wet the soil 
before transferring them to autoclave for sterilization at 137.9 kPa for 20 minutes. 
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Sterilized soil was allowed to cool down at room temperature before filling 15 cm 
diameter earthen pots with 1 kg of sterilized soil. 
3.6.2 Growth and maintenance of pigeon pea plants 
Seeds of pigeon pea were surface sterilized with 0.1 % sodium hypocjilorite (NaOCl) 
for two ininutes and then washed three times with distilled water. Five seeds were 
sown in each pot (15 cm diameter with 1 kg soil) and after gennination thinned to one 
seedling per pot. Plants were placed in a glasshouse and watered as needed. Two days 
after thinning, seedlings received the treatments while uninoculated plants served as a 
control. One week old, well established healthy seedlings were used for experimental 
purposes. 
3.6.3 Preparation of nematode inoculum 
Meloidogyne incognita was collected from the pigeon pea roots and multiplied on the 
roots of egg plants (Solanum melongena L.) using single egg mass. Egg masses from 
the roots of S. melongena were hand picked using sterilized forceps and placed in 9 
cm diameter sieves of 1 mm pore size which were previously mounted with cross-
layered tissue paper. The sieves were placed for hatching in a Petri plates containing 
distilled water just deep enough to contact the egg masses. The Petri plates were kept 
in an incubator running at 25 ±1 °C. A series of such assemblies were kept to get 
required number of second stage juveniles for inoculation. The hatched juveniles were 
collected from Petri plates every 24 hrs and fresh water was added to Petri plates. The 
concentration of second stage juveniles of M incognita in water was adjusted so that 
each milliliter contained 200 ± 5 nematodes. Ten milliliter of this suspension (i.e. 
2000 freshly hatched juveniles) was added to each pot around a pigeon pea seedling. 
For the inoculum of H. cajani, soil and root samples were collected from a 
pigeon pea field. Cysts were also extracted from soil using a 100 mesh sieve. The 
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catch of sieve was filtered through a paper filter, observed under stereomicroscope 
and cysts were collected with a camel hair brush No.I. Cysts from pigeon pea roots 
were also collected under stereomicroscope with the help of needle and camel hair 
brush. Collected cysts were placed for hatching in pigeon pea root exudates at 30°C 
for 7days. Second stage juveniles were collected after every 24 h and inoculated at the 
rate of 500 juveniles per plant. 
3.6.4 Raising and maintenance of fungal culture 
For obtaining sufficient inoculum, the Fusarium udum isolate AI was cultured on 
Richard's liquid medium (Riker and Riker, 1936) having following composition. 
Potassium nitrate 10.0 g 
Potassium dihydrogen phosphate 5.0 g 
Magnesium sulphate 2.5 g 
Ferric chloride 0.02 g 
Sucrose 50.0 g 
Distilled water 1000 ml 
The medium was prepared and filtered through muslin cloth, sterilized in an 
autoclave at 103.4 kPa for 15 minutes in 250 ml Erlenmeyer flasks each containing 80 
ml liquid medium. The fungus was inoculated in each flask with the help of 
inoculation needle. Inoculated flasks were incubated at 25 ± 1 °C for about 15 days to 
allow sufficient growth of the fungus. Pure culture of F. udum was continuously 
maintained on PDA by re inoculation after every 15 days. 
3.6.4.1 Preparation of fungal inoculum 
After incubating the flask for about 15 days the liquid medium was filtered through 
Whatman filter paper No. 1. The mat of fungal mycelium was washed in distilled 
water and was collected on blotting sheets to remove excess of water and nutrients. 
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The inoculum was prepared by mixing 10 g fungal mycelium in 100 ml of distilled 
water and blending it for 30 s in a Waring blender. The 10 mi of this suspension 
containing 1 g fungus was used as inoculum. 
3.6.6 Preparation of Pseudomonas and Bacillus inoculum 
Nutrient agar plates were prepared by pouring sterilize nutrient agar medium in Petri 
plates and incubated over night at 30 °C to check the sterility and remove excess of 
moisture. Pseudomonas and Bacillus isolates were separately cultured on these plates. 
Single colony of these isolates from freshly culture sub-cultured plates was separately 
inoculated into nutrient broth flasks. These flasks were incubated at 30 ± 1 °C for 72 
hrs for the mass inoculum of these isolates. One ml nutrient broth suspension contains 
about ]xlO^CFU/ml. 
3.6.7 Rhizobium inoculum 
One hundred g commercial culture of Rhizobium Jordan (pigeon pea strain) was 
suspended in 1000 ml distilled water and 10 ml (equivalent to 1 g inoculum) was 
inoculated around each pot after thinning. 
3.6.8 Inoculation technique 
For inoculation of M. incognita, H. cajani, F. udum and Pseudomonas I Bacillus 
isolates, soil around the roots was carefully moved aside with out damaging the roots. 
The inocula of these microorganisms were poured around the roots and the soil was 
replaced. An equal volume of sterile water was added to control treatments. 
Inocula of rhizobacteria were used with culture media. Rhizobacteria were 
grown in nutrient broth for 72hrs at 30 '^C before their use as biocontrol agents hence 
no significant nutrients left in the medium. Use of fresh nutrients broth to control 
plants will add nutrients to the soil, therefore not used. 
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3.7 Field experiment 
Field experiments were conduced at University Fort, Aligarh Muslim University; 
Aligarh generally available for the field research work (soil sandy loam, pH 7.5, water 
holding capacity 42 %, porosity 39 %, electrical conductivity 0.67, N 95.90 mg/kg 
soil, P 11.4 mg/kg soil and K 160.89 mg/kg soil). The site at Fort was selected with a 
view suitable for pigeon pea crop. Potato {Solarium tuberosum) was harvested in 
February, 2006. Isolates of 2005, 2006 and 2007 were tested for their biocontrol 
potential under field condition in 2006, 2007 and 2008 respectively.The field was 
prepared for pigeon pea crop by ploughing and removing grasses and plant debris. 
Sowing for three field experiments was done on 10* June of 2006, 2007 and 2008. 
Aligarh is is situated at 27°53' N latitude, 78°4' E longitude and 187.45 m 
altitude with an area of 3431 sq km. Its climate is sub-tropical, with hot dry summer 
and cold winters. The average rainfall is 847.3 mm. More than 85 % of the total 
rainfall occurs during June to September and some 10 % in the winter. The relative 
humidity of the winter season ranges between 56 % and 77 % with an average of 66.5 
%, that of the summer, between 37 % and 49 % with an average of 43 % and that of 
the mansoon season, between 63 % and 73 % with an average 68%. 
Bacillus and Pseudomonas isolates (found best in pot trial) and Rhizobium sp. 
were evaluated for the biocontrol of wilt disease complex of pigeon pea in field 
condition. Experiment was conducted in randomized block design and the size of each 
plot was 9 sq meter. For this healthy, uniform size seeds were surface sterilized with 
0.1 % Sodium hypochlorite (NaOCl) and washed three times with distilled water. 
Sowing was done by the usual 'behind the plough' method at the rate of 60 kg / ha. 
After germination, the distance between seedlings and rows was maintained at 60 cm 
and 40 cm respectively. The seedlings were inoculated with pathogens and treated 
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with rhizobacteria {Pseudomonas I Bacillus) and Rhizobium and the untreated ones 
served as a control as described earlier. The plots were free from weed, thrice. The 
plants were irrigated thrice at 40, 80 and 120 days after sowing and were harvested at 
150 days. Data on plant growth and yield parameters were recorded. 
3.9 Experimental Design 
All the experiments were carried out in a randomized block design with 8 treatments 
i.e. 1. Control; 2. H. cajani (H); 3. M. incognila (M); 4. F. udum (F)..5. H + M; 
6.H+F; 7. M+F; 8. H+M+F. These 8 treatments were tested with different isolates of 
Pseudomonas and Bacillus making the experiment very lengthy. Therefore, each 
experiment was divided into 2 sets. In the first set 3 pathogens were inoculated 
individually with a control i.e. 1. Control; 2. H. cajani (H); 3. M. incognita (M); 4. F. 
udum (F). In the 2"'' set, these three pathogens were inoculated in combination with 
control. 1. Control; 2. H + M; 3.H+F; 4. M+F; 5. H+M+F (Plate I). Plants infected 
with these pathogens have shown cysts and root-knot symptoms on roots while wilt 
symptoms were present on aerial parts (Plate II). Both these sets were inoculated with 
biocontrol agents as given below. 
Experiment 1. Effect of 6 isolates of Bacillus and Pseudomonas (isolated in 2005). 
on the growth and wilt disease complex of pigeon pea under pot condition. 
Effect of 6 isolates of Bacillus and Pseudomonas viz. Pa 116, Pa 324, Pa 70, Pf 18, B 
18 and B 160 were observed on the growth and wilt disease complex of pigeon pea. 
The treatments were applied are shown in Tables lA & IB. Each set was replicated 
five times. 
"H I * 
II 
- ^ 
II 
X 
l b 
^ 
o 
C 
o 
II 
I 
A= Pigeon pea root infected witii M. incognita 
B= Pigeon pea plant showing wilt symptoms caused by F. iidum 
C= Pigeon pea root infected with H. cajani 
Plate II 
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Table I A 
Treatments 
Control 
Pal 16 
Pa324 
Pa70 
Pfl8 
BIB 
B160 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
Table IB 
Treatments 
Control 
Pal 16 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
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Pa324 
Pa70 
Pfl8 
B18 
B160 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
Experiment 2. Effect of 6 isolates of Bacillus and Pseudomonas (isolated in 2005) 
in the presence of Rhizobium sp. on the growth and wilt disease complex of 
pigeon pea under pot condition. 
Effect of 6 isolates of Bacillus and Pseudomonas viz. Pa 116, Pa 324, Pa 70, Pf 18, B 
18 and B 160 were observed together with Rhizobium sp.on the growth and wilt 
disease complex of pigeon pea. The treatments were applied are shown in Tables IIA 
& IIB. Each set was replicated five times. 
Table 11A 
Treatments 
Control 
C 
H 
M 
F 
C 
H 
M 
50 
Rhizobium (R) 
R+Pall6 
R+ Pa324 
R+Pa70 
R+Pfl 8 
R+B18 
R+B160 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
Table II B 
Treatments 
Control 
Rhizobium (R) 
R+Pall6 
R+ Pa324 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
— - • ' 
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R+Pa70 
R+Pf 18 
R+B18 
R+B160 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
C 
H+M 
M+F 
F+H 
H+M+F 
Experiment 3. Effect of Pseudomonas (Pa324), Bacillus (B 18) (isolated in 2005) 
and Rhizobium sp., on the growth, yield and wilt disease complex of pigeon pea 
under field condition. 
Effect of Pa 324 and B 18 were observed alone and together with Rhizobium sp.on the 
growth and wilt disease complex of pigeon pea under field condition. The treatments 
were applied are shown in Tables IIIA & IIIB. Each set was replicated five times. 
Table III A 
Treatments 
Control 
Rhizobium (R) 
B18 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
52 
Pa 324 
B 18+Pa324 
R+B 18 
R+Pa 324 
R+B 18+Pa324 
F 
C 
H . 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
Table III B 
Treatments 
Control 
Rhizobium (R) 
BacillusiB) 
Pseudomonas(?) 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
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B+P 
R+B 
R+P 
R+B+P 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
Experiment 4. Effect of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) 
on the growth and wilt disease complex of pigeon pea under pot condition. 
Effect of 9 isolates of Bacillus and Pseudomonas viz. B 602, B 603, B 605, B 615, B 
616, Pf 604, Pf 605, Pf 611 and Pa 616 were observed.on the growth and wilt disease 
complex of pigeon pea under pot condition. The treatments were applied are shown in 
Tables IVA & IVB. Each set was replicated five times. 
Table IV A 
Treatments 
Control 
B602 
B603 
B605 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
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B615 
B616 
Pf604 
Pf605 
Pf611 
Pa616 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
Table IVB 
Treatments 
Control 
B602 
B603 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
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B605 
B615 
B61(f 
Pf604 
Pf605 
Pf611 
Pf616 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C -
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
^ 
>/Ace. Ho 
i%^ 
^t^^tintv^^J 
Experiment 5. Effect of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) 
in the presence of Rhizobium sp. on the growth and wilt disease complex of 
pigeon pea under pot condition. 
Effect of 9 isolates of Bacillus and Pseudomonas viz. B 602, B 603, B 605, B 615, B 
616, Pf 604, Pf 605, Pf 611 and Pa 616 were observed together with Rhizobium sp.on 
the growth and wilt disease complex of pigeon pea under pot condition. The 
treatments were applied are shown in Tables VA & VB. Each set was replicated five 
limes. 
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Table V A 
Treatments 
Control 
Rhizobium (R) 
R+ B 602 
R+603 
R+ B 605 
R + B615 
R+B618 
R+Pf604 
R+Pf605 
R + Pf611 
R + Pf616 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
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Table VB 
Treatments 
Control 
Rhizobiiim (R) 
R+ B 602 
R+ B603 
R+B 605 
R+B615. 
R+B 618 
R+Pf604 
R+Pf605 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
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R+Pf611 
R+Pa616 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
Experiment 6. Effect oi Bacillus (B 615), Pseudomonas (Pf 605) (isolated in 2006) 
and Rhizohium on the growth,yield and wilt disease complex of pigeon pea under 
field condition. 
Effect of B 615 and Pf 605 alone and in combination with Rhizobium was observed 
on the growth, yield and wilt disease complex of pigeon pea under field condition. 
The treatments were applied are shown in Tables VIA & VIB. Each set was replicated 
five times. 
Table VI A 
Treatments 
Control 
Rhizobium (R ) 
B615 
Pf605 
R+ B 605 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
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R + Pf 605 
R+B615 + Pf605 
H 
M 
F 
C 
H 
M 
F 
Table VI B 
Treatments 
Control 
Rhizobium (R) 
B615 
Pf605 
R+B615 
R+ Pf605 
R+B615 + Pf605 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
60 
Experiment 7. Effect of 8 isolates of Bacillus and Pseudomonas (isolated in 2007) 
on the growth and wilt disease complex of pigeon pea under pot condition. 
Effect of 8 isolates of Bacillus and Pseudomonas viz. B 731, B 742, B739, B 727, Pa 
737, Pf 736, Pf 718 and Pf 719 were studies on the growth and wilt disease complex 
of pigeon pea under pot condition. The treatments were applied are shown in Tables 
VIIA & VllB. Each set was replicated five times. 
Table VII A 
Treatments 
Control 
B731 
B742 
B739 
B727 
Pa737 
Pf736 
Pf718 
Pf719 
^C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
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Table VII B 
Treatments 
Control 
B731 
B742 
B739 
B727 
Pa 737 
Pf736 
Pf718 
Pf719 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
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H+F 
M+F 
H+M+F 
Experiment 8. Effect of 8 isolates of Bacillus and Pseiidomonas (isolated in 2007) 
in the presence of Rhizobium sp. on the growth and wilt disease complex of 
pigeon pea under pot condition. 
Effect of 8 isolates o^Bacillus and Pseiidomonas viz. B 731, B 742, B739, B 727, Pa 
737, Pf 736, Pf 718 and Pf 719 were studied in the presence of Rhizobium sp. on the 
growth and wilt disease complex of pigeon pea under pot condition. The treatments 
were applied are shown in Tables VIIIA & VIIIB. Each set was replicated five times. 
Table VIIIA 
Treatments 
Control 
Rhizobium (R) 
R + B731 
R + B 742 
R+ B739 
R+ B 727 
R + Pa 737 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
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R + Pf736 
R+Pf718 
R+Pf719 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
Table VIII B 
Treatments 
Control 
Rhizobium (R) 
R+B731 
R+ B 742 
R +B 739 
R+ B 727 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
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R+ Pa 737 
R + Pf736 
R + Pf718 
R + Pf719 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
Experiment 9. Effect of Bacillus (B 739), Pseudomonas (Pf 736) (isolated in 2007) 
and Rhizobium on the growth, yield and wilt disease complex of pigeon pea 
under field condition. 
Effect of B 739 and Pf 736 alone and together with Rhizobium were studies on the 
growth, yield and on wilt disease complex of pigeon pea under field condition. The 
treatments were applied are shown in Tables IXA & IXB. Each set was replicated five 
times. 
Table IXA 
Treatments 
Control 
Rhizobium (R) 
Pf736 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
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B739 
R+Pf736 
R+ B 739 
R + Pf736 + B739 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
Table IX B 
Treatments 
Control 
Rhizobium (R) 
Pf736 
B739 
R+Pf736 
R+ B 739 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
C 
H+M 
H+F 
M+F 
H+M+F 
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R + Pf736 + B739 
C 
H+M 
H+F 
M+F 
H+M+F 
3.10 Observations 
The plants were harvested 90 days after inoculation in pot tests while 150 days after 
inoculation in field experiments. Data on plant length, plant fi-esh weight, number of 
pods, number of nodules, number of galls, number of cysts per root system, 
percentage root colonization and wilting index were recorded. The length of plants 
was recorded in cm from the top of the first leaf to end of root. Excess water was 
removed by blotting before weighing the plant for fresh weight. The plants were cut 
with knife above the base of the root emergence zone to separate shoot and root. 
Shoots and roots were kept in envelopes at 60 °C for 2-3 days before weighing for dry 
weight. Numbers of root-knot galls per root system were counted. Cysts per root 
system were also counted under the stereomicropscope by removing the cysts from 
the roots with the help of needle and picked with camel hair brush and counted. Cysts 
were also isolated from soil of pot experiments. Soil of pot (I Kg) was mixed 
thoughly and 250g soil was sieved through 100 mesh sieve. The catch of sieve was 
filtered through a filter paper, observed under stereo-microscope, cysts were collected 
with a camel hair brush No.l and counted. Later, number of cysts present in 1 Kg soil 
was calculated. Number of cysts in the pot experiment represents the cysts per root 
system plus number of cysts present in 1 kg soil while in the field experiments only 
cysts present per root system were counted. Wilting index was recorded by scoring 
the disease severity on 0 - 5 scale. Index of disease was determined on the basis of 
percentage necrosis in the xylem, where 0 = No disease; 1= very mild wilting; 2= 
mild wilting; 3= moderate wilting;, 4= moderately high wilting; and 5 = Severe 
wilting (Siddiqui and Mahmood, 1999b). 
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3.11 Statistical analysis 
The data were analysed statistically using factorial analysis (Dospekhov, 1984). Least 
significant differences (L.S.D.) were calculated at p = 0.05. Duncan's multiple range 
test (DMRT) was employed to denote the significant differences between treatments. 
Graphs of numer of galls and cysts and wilting indices were prepared using Sigma 
Plot and error bars showing standard error. 
Gliapter4 
RESULTS 
One thousand three hundred forty soil and root samples were collected from 67 districts 
of U.P. (Table 1). Examination of these samples revealed the presence of Heterodera 
cajani from 73 % samples while Meloidogyne spp. was recorded from 59 % samples. 
Fusarium udum was isolated from 46 % samples. Nematodes H. cajani and Meloidogyne 
spp. were found associated with F. udum in 37 % samples causing a wilt disease 
complex while in 9 % samples F. udum was present alone. Population of H. cajani and 
Meloidogyne spp. was generally high ranging from 12-216 cysts and 130-673 juveniles 
per 250 g soil respectively. High population of//, cajani (40-216 cysts /250g soil) was 
recorded from Aligarh district while its low population was recorded from Saharanpur 
(12-24 cysts / 250 g soil). Similarly, high population of Meloidogyne spp. was recorded 
from Hathras district (160-673 J2 / 250g soil) while its low population (155-180 J2 / 250 
g soil) was recorded from Banda district. Fusarium udum was isolated in high percentage 
from Etawah district causing wilt disease complex in 65 % field of the district (Table 1). 
1. Rhizobacteria isolated in 2005 
Twenty isolates of rhizobacteria belonging to fluorescent pseudomonads and Bacillus 
spp. were isolated from pathogen suppressive soils (Tables 2-3). After Gram staining, 
Pseudomonas and Bacillus identifications were confirmed by growing on King's B 
medium and Casein agar glucose (CAG) medium respectively. Green fluorescence of 
Pseudomonas was very clear on King's B medium and isolate Pa 324 produced the 
Table 1. Survey of pigeon pea fields of Uttar Pradesh for H cajani, Meloidogyne spp. 
and F udum 
Districts 
1 Aligarh 
2 Agra 
3 Hathras 
4 Mathura 
5 Bulandshahar 
6 Baghpat 
7 Ghaziabad 
8 Meerut 
9 Muzaffarnagar 
10 Saharanpur 
11 Bijnor 
12 Amroha 
13 Moradabad 
14 Bareilly 
15 Piiibhit 
16 Rampur 
17 Badaun 
18 Etah 
19 Firozabad 
20 Mainpun 
21 Etavvah 
22 Auraiya 
23 Farrukhabad 
24 Kannauj 
25 Hardoi 
26 Lakhimpur 
27 Sitapur 
28 Bahraich 
29 Barabanki 
30 Lucknow 
31 Unnao 
32 Kanpur 
33 Fatehpur 
34 Jalaun 
No of 
samples 
collected 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
H cajani Cyst/250 
g soil 
18 40-216 
17 27-95 
16 25-80 
17 24-190 
17 23-47 
18 27-75 
15 21-44 
16 12-48 
14 13-25 
13 12-24 
17 18-26 
14 21-86 
13 19-95 
15 20-40 
16 12-36 
15 21-78 
16 20-48 
13 28-56 
15 14-34 
18 41-71 
16 21-98 
13 20-102 
18 28-48 
16 25-90 
13 15-29 
15 16-27 
14 18-67 
16 15-26 
11 24-96 
18 16-141 
18 15-168 
12 14-141 
18 22-161 
16 15-41 
Meloidogyne J2/250g 
spp soil 
12 250-510 
10 190-620 
16 160-673 
13 150-570 
15 210-490 
10 350-430 
12 260-580 
14 240-620 
11 315-570 
12 190-640 
15 180-410 
15 160-480 
15 320-670 
13 180-540 
11 160-480 
12 290-390 
14 240-410 
13 310-580 
16 260-430 
16 205-435 
14 315-445 
11 305-490 
12 240-590 
16 270-610 
16 220-560 
18 180-640 
15 160-210 
16 250-380 
13 210-390 
11 280-480 
14 350-475 
12 190-398 
14 180-210 
10 210-355 
F udum 
13 
9 
12 
6 
12 
13 
11 
8 
10 
12 
7 
9 
7 
9 
6 
11 
11 
9 
11 
10 
13 
13 
10 
11 
11 
12 
9 
7 
8 
10 
7 
12 
13 
11 
r udum 
with 
nematodes 
10 
5 
10 
5 
9 
11 
9 
8 
8 
10 
6 
8 
5 
7 
5 
9 
10 
6 
10 
9 
13 
12 
9 
10 
11 
10 
8 
6 
8 
9 
6 
12 
11 
9 
lajj jjt' I C-x>•nXi.nt 
35 Hamirpur 
36 Jhansi 
37 Lalitpur 
38 Banda 
39 Kaushambi 
40 Cliitraltit 
41 Balranipur 
42 Gonda 
43 Saravasti 
44 Faizabad 
45 Raibareilli 
46 Allahabad 
47 Pratapgarli 
48 Bhadohi 
49 Mirzapur 
50 Shahjalianpur 
51 Sonbhadra 
52 Chadauh 
53 Sultanpur 
54 Varanasi 
55 Jaunpur 
56 Ghazipur 
57 Azamgarh 
58 Mau 
59 Balha 
60 Basti 
61 AmbedkarNagar 
62 SantKabirNagar 
63 Gorakhpur 
64 Deoria 
65 Kushi Nagar 
66 Maharajganj 
67 Sidhart Nagar 
Total 
Frequency of occurre 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
1340 
nee 
12 
16 
16 
18 
17 
15 
14 
16 
14 
13 
17 
15 
18 
16 
14 
16 
12 
9 
11 
10 
13 
15 
11 
13 
9 
12 
15 
10 
12 
9 
12 
13 
15 
975 
73% 
25-83 
17-96 
18-27 
20-45 
18-50 
22-60 
13-38 
12-40 
20-60 
38-170 
35-150 
12-45 
6-35 
12-40 
15-60 
19-146 
26-90 
30-80 
22-67 
40-102 
36-95 
19-70 
39-98 
35-90 
60-102 
22-70 
38-80 
35-98 
22-70 
32-96 
33-80 
19-60 
25-90 
16 
9 
7 
6 
13 
11 
9 
8 
6 
11 
16 
8 
10 
9 
14 
10 
9 
12 
13 
10 
8 
13 
8 
9 
10 
12 
8 
9 
7 
12 
13 
10 
11 
794 
59% 
230-365 
205-520 
190-610 
155-180 
135-640 
160-390 
170-385 
130-470 
180-665 
270-580 
240-390 
210-470 
185-440 
180-390 
270-580 
240-410 
240-520 
190-480 
210-390 
340-480 
170-290 
280-410 
310-520 
190-540 
280-410 
160-370 
210-560 
250-480 
290-420 
180-390 
280-520 
370-440 
180-390 
11 
9 
8 
7 
9 
II 
7 
6 
7 
4 
10 
6 
6 
5 
7 
8 
7 
6 
8 
9 
10 
8 
9 
10 
7 
11 
12 
9 
10 
7 
11 
10 
11 
619 
46% 
11 
9 
6 
4 
7 
7 
4 
3 
4 
2 
6 
6 
4 
2 
5 
5 
6 
5 
6 
7 
8 
5 
6 
8 
5 
9 
9 
8 
7 
5 
9 
7 
8 
497 
37% 
Table 2.Characteristic tests for identification of fluorescent pseudomonads (isolated in 2005). 
Isolates 
Pal2 
Pfl4 
Pfl8 
Pa20 
Pa28 
Pa70 
Pall6 
Pa233 
Pa310 
Pa324 
Gram 
staining 
-
-
-
-
-
-
-
-
-
-
Gelatin 
liquefaction 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Starh 
hydrolys-
is 
-
-
-
-
-
-
-
-
-
-
Growth 
on King B 
medium 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
Growth at 
4"C 
-
+ 
+ 
-
-
-
-
-
-
-
Growth at 
4!°C 
+ 
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Catalase 
test 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Levan 
formatio-
n 
-
+ 
+ 
-
-
-
-
-
-
-
Table 3.Characteristic tests for identification oiBacillus spp. (isolated in 2005). 
Isolates 
B2 
B12 
B18 
B24 
831 
B122 
B128 
B160 
B270 
B432 
Gram 
staining 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth 
onCAG 
medium 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth 
at 45"C 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth at 
pH5 7 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth in 
7% Nad 
-
-
-
-
-
-
-
-
-
-
Endospor-
e staining 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Utilization 
of citrate 
-
+ 
-
-
-
-
-
-
-
-
Starch 
hydrolysi-
s 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Catalas-
e test 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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greatest fluorescence. The characteristic tests for identification of Pseudomonas showed 
that 8 isolates (Pa 12, Pa 20, Pa 28, Pa 70, Pa 116. Pa 233, Pa 310 and Pa 324) were 
positive for gelatin liquefaction, catalase test and growth at 41 °C (Table 2) while 
negative for levan formation, starch hydrolysis and growth at 4 °C thus identified as 
Pseudomonas aeruginosa (Pa). Only 2 isolates (Pf 14 and Pf 18) showing different 
behavior with positive levan formation, gelatin liquefaction, -growth at 4 °C and catalase 
test while negative for starch hydrolysis and growth at 41 °C and were identified as 
Pseudomonas fluorescens (Pf). Tests for Bacillus showed positive results for growth at 
45 °C, pH 5.7, endospore staining, catalase test and starch hydrolysis, while negative for 
growth in 7% NaCl and citrate utilization (Table 3) except isolate B 12 which was 
positive for utilization of citrate. Comparison of these tests with Sergey's Manual of 
Determinative Bacteriology these 10 isolates may belong to B. coagulans, B. circulans, 
B. macerans and B. cereus (Table 3). 
lA, Effects on colonization of roots and hatching and penetration of nematodes 
The effect of Pseudomonas isolates on the hatching of M. incognita was found to be 
inhibitory ranging from 38 to 95%, except Pfl4 and Pa233 (Table 4). Isolate Pa324 
caused minimum inhibition in hatching of M incognita while Pal2 caused maximum 
inhibition. Bacillus spp. had 35-88% hatching inhibition of M. incognita except B12, 
B122 and B128 isolates. Isolate B 270 caused highest inhibition in the hatching of M 
incognita while B 31 the least. Two isolates oi Pseudomonas (Pal 16 and Pa 324) and 
same number oiBacillus isolates (BIB and B160) showed antifungal activity against F. 
udum. Study on the penetration of M incognita and H. cajani in pigeonpea roots revealed 
that maximum inhibition in penetration was caused by Pal 2 followed by Pa 28, Pa 70, 
Table 4. Effects of Pseudomonas and Bacillus isolates (isolated 2005) on the hatching of 
M incognita, penetration of M incognita and H. cajani, antifungal activity against F. 
iidum and colonization of pigeon pea roots. 
Isolates 
DDW 
Pal2 
Pfl4 
Pfl8 
Pa20 
Pa28 
Pa70 
Pall6 
Pa233 
Pa310 
Pa324 
B2 
B12 
B18 
824 
B31 
B122 
B128 
B160 
B270 
B432 
L.S.D 
P=0.05 
No. of M 
incognita 
hatched 
384d 
19o 
411c 
77m 
223g 
23o 
46n • 
1461 
423 b 
1151 
238f 
176h 
426b 
123k 
226g 
249e 
442a 
438a 
134j 
46n 
234f 
5 
Antiflingal 
activity of 
rhizobacteria 
" 
+ 
+ 
+ 
+ 
' 
Colonization 
of root (CPU/ 
g root) 
1.9x10' 
0.5x10' 
1.7x10" 
1.1x10' 
1.7x10' 
1.8x10' 
1.3x10' 
0.3x10' 
1.5x10' 
1.4x10' 
1.4x10' 
0.9x10' 
1.4x10' 
1.2x10' 
0.8x10' 
0.4x10' 
0.6x10' 
1.3x10' 
1.8x10' 
1.1x10' 
Penetration of 
M. incognita 
29b 
2h 
3 lab 
6g 
18c 
2h 
4gh 
12de 
32a 
9f 
18c 
14d 
33a 
lOef 
18c 
19c 
33a 
32a 
lOef 
4gh 
18c 
2 
Penetration 
of//. 
cajani 
32a 
3g 
34a 
8e 
21b 
4fg 
6efg 
15cd 
34a 
13d 
22b 
17c 
35a 
12d 
21b 
22b 
35a 
34a 
12d 
7ef 
22b 
3 
70 
and B 270. Moreover, colonization of root caused by Pal2 was greater followed by Pa 
70, Pa 28 and Pf 18. Similarly, Bacillus isolate B270 caused maximum colonization of 
root followed by B 2, B18 and B160 (Table 4). 
IB.Effccts on seedling growth, phosphate solubilization, lAA and HCN production 
All the 20 isolates of Bacillus and Pseudomonas caused a significant increase in the 
growth of pigeon pea seedling except isolate BIS (Table 5). Maximum increase in 
seedling growth was caused by Pa 20 followed by B 2 and Pa 324. All the 20 isolates of 
Bacillus and Pseudomonas caused solubilization of phosphate. Maximum phosphate 
solubilization was caused by B 2 followed by B 31, B 18, B 160 and B 12. Least 
phosphate solubilization was caused by isolate Pa 28. All the 20 isolates showed lAA 
production. Maximum lAA production was shown by B 2 followed by B 160, B 270, Pa 
324 and Pa 233. Least lAA production was obtained from B 18 isolate. All the 10 isolates 
of Pseudomonas showed HCN production. Isolate Pa 20 caused high production of HCN. 
Six isolates (Pa 12, Pf 14, Pa 70, Pa 233, Pa 310 and Pa 324) showed moderate 
production of HCN while 3 isolates (Pf 18, Pa 28 and Pa 116) caused low HCN 
production (Table 5). 
Six isolates of Bacillus and Pseudomonas (Pa 116, Pa 324, Pa 70, Pf 18, B18 and 
B160) were selected for the pot experiment on the basis of antifungal activity (Pa 116, Pa 
324, B18 and B160) and high adverse effect on hatching and penetration of nematodes 
(Pf 18 and Pa 70). These isolates also caused increase in seedling growth, phosphate 
solubilization, lAA and HCN production. 
IC. Effects of 6 isolates of Bacillus and Pseudomonas on the growth and wilt diseases 
complex of pigeon pea under pot condition. 
Table 5. Effects of Bacillus and Pseudomonas isolates (isolated in 2005) on 
seedling growth of pigeon pea. Solubilization of Inorganic phosphate, 
production of indole acetic acid (lAA) and hydrpgen cyanide (HCN) by these 
rhizobacteria. 
Isolate^ 
Control 
Pal2 
Pfl4 
Pfl8 
Pa20 
Pa28 
Pa70 
Pall6 
Pa233 
PaSlO 
Pa324 
B2 
B12 
BIS 
B24 
B31 
B122 
B128 
BI60 
B270 
B432 
L.S.D.p=0.05 
lAA 
production 
(|ag/ml) 
— 
2.75hij 
3.75fg 
3.75fg 
4.50de 
3.00hi 
3.75fg 
4.00ef 
S.OOcd 
3.75fg 
5.25c 
10.00a 
2.00k 
1.001 
1.251 
2.25jk 
2.50ijk 
3.25gh 
7.50b 
7.00b 
3.75fg 
0.50 
HCN 
production* 
— 
b^ 
b" 
+ 
c 
+ 
a 
+ 
c 
b^ 
+ 
c 
b" 
b" 
b^ 
-
-
-
-
-
-
-
-
-
-
— 
Phosphate 
solubilization 
(|ig/ml) 
— 
19.5k 
34.0f 
28.01 
32.0fg 
14.01 
29.5hi 
19.5k 
36.5e 
24.5J 
33.5f 
57.5a 
46.0c 
53.5b 
41.5d 
57.0a 
17.5k 
31.0gh 
52.0b 
23.Oj 
23.5j 
2.0 
In-vilro 
seedling 
growth (cm) 
3.22J 
5.08hi 
7.76cde 
8.86bc 
10.20a 
6.56efg 
8.84bc 
5.92fgh 
6.98def 
6.94def 
9.38ab 
9.64ab 
6.06fgh 
4.54ij 
5.98fgh 
7.36de 
5.42ghi 
5.98fgh 
5.86fgh 
7.32de 
7.98cd 
1.22 
c 
b^ 
+ 
a = 
= Light brown 
= Dark brown 
'• Orange-brown 
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Inoculation of M incognita I H. cajani or F. udum caused a significant reduction in plant 
growth over uninoculated control (Table 6). Fusarium udum caused a greater reduction in 
plant growth followed by H. cajani and M. incognita. Six isolates of Bacillus and 
Pseudomonas (Pal 16, Pa324, Pa70, Pfl8, B18 and B160) caused an increase in plant 
growth of both pathogen inoculated {H. cajani, M. incognita and F. udum) and 
uninoculated plants. Isolate Pa324 caused maximum increase in plant growth followed by 
B18, Pfl8, Pa70, Pal 16, and B160 in plants without pathogens and also in plants 
inoculated with single pathogen. Inoculation of pathogens had adverse effect on root 
nodulation. However, application of Bacillus / Pseudomonas isolates had no effect on 
nodulation (Table 6). Isolate Pa 324 caused maximum reduction in galling and number 
of cysts per root system followed by B 18, Pf 18, Pa 70, Pa 116 and B 160 (Fig. 1). 
Wilting index was recorded 3 in plants inoculated with F. udum. Inoculation of Pa 324 
and B 18 reduce wilting index to 1 in plants inoculated with F. udum while other isolates 
reduce wilting index to 2 ( Fig. 1). 
Application of 6 isolates of Bacillus and Pseudomonas were also studied in 
plants inoculated with combined pathogens (Table 7). Simultaneous inoculation of 
pathogens caused a significant reduction in plant growth over uninoculated control. 
Inoculation of H. cajani plus F. udum resulted in a greater reduction in plant growth 
followed by inoculation of M. incognita plus F. udum. Inoculation of H. cajani plus M. 
incognita caused a lesser reduction in plant growth compared to plants inoculated wit F. 
udum plus M incognita / H. cajani. Maximum reduction in plant growth was observed 
when all the three pathogens were inoculated simultaneously. In the presence of two or 
more pathogens too isolate Pa324 caused maximum increase in plant growth of both 
^.^ 
Table 6. Effects of 6 isolates of Bacillus and Pseudomonas (isolated in 
2005) on the growth and nodulation of pigeon pea in plants inoculated 
with pathogens singly under pot condition. 
Treatments 
Control 
Pall6 
Pa324 
Pa70 
Pfl8 
B18 
B160 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
L.S.D. P = 0.05 
Plant 
length 
(cm) 
154.2f 
109.3r 
106.8rs 
105.7s 
160.5de 
120.5no 
124.3ikl 
117.6p 
167.4a 
125.7ijk 
131.4s 
124.2ikl 
162.4cd 
121.91mno 
126.5ij 
119.5op 
164.1 be 
122.91mn 
127.3hi 
121.2mno 
165.3ab 
124.2jki 
129.7gh 
123.7klm 
159.3e 
117.5p 
122.81mn 
113,6q 
2.7 
Plant 
fresh 
weight 
(g) 
104.9d 
74.3q 
79.6op 
71.9q 
109.1c 
82. limn 
84.6ghijk 
80.2no 
113.8a 
85.4ghi 
90.8e 
84.7ghij 
110.6bc 
82.5jklmn 
86.3fgh 
81.4mno 
111.7ab 
83.7ijklm 
86.8fg 
82.2klmn 
112.6ab 
84.7ghij 
88.5ef 
84.2hijkl 
108.5c 
80.2no 
83.5ijklm 
77.5p 
2.4 
Plant dry 
weight 
(g) 
24.83d 
17.840 
18.92n 
17.33p 
26.1 Ibc 
19.441m 
20.25hi 
19.17mn 
27.11a 
20.63gh 
21.54c 
20.27hi 
26.12bc 
19.51klm 
20.62gh 
19.13mn 
26.48b 
19.87ijk 
20.86fg 
19.65jkl 
26.46b 
20.28hi 
21.17ef 
20.03ij 
25.73c 
19.22mn 
19.96ij 
18.240 
0.41 
No. of 
nodules 
per root 
system 
7abc 
3de 
4cde 
3de 
9a 
3de 
4cde 
3de 
8ab 
4cde 
3de 
3de 
9a 
4cde 
3de 
2e 
6abcd 
4cde 
5bcde 
3de 
Sab 
3de 
4cde 
4cde 
9a 
6abcd 
4cde 
5bcde 
3 
C= control; H= Heterodera cajani; M= Meloidogyne incognita; F= Fusarium udum 
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80 
2 40 
20 
GL 
iM3 
m 
^ 
gs 
Pa116 Pa324 Pa70 
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Pf18 818 B160 
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80 
40 
20 
^^ 
mi 
• ^ 
f 
•^ ^^  
§fcC 
p 
* 
Pa116 Pa324 Pa70 
Treatments 
Pf18 B18 6160 
35 
3 
25 
2 
1^ ^ 
0 5 
Pa116 Pa324 Pa70 
Treatments 
Pf18 
F- u-dlxt. - Uxin 
B18 B160 
Fig 1.Effects of 6 isolates oiBacillus and Pseudomonas (isolated in 2005) on cyst 
formation, galling and wilting of pigeon pea plants inoculated with single pathogen 
under pot condition 
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inoculated with combined pathogens and uninoculated control plants followed by B18, 
Pfl8, Pa70,Pall6, andB160. 
Isolate Pa324 caused a higher reduction in galling and number of cysts produced 
per root system followed by B18, PflS, Pa70, Pal 16 and B160 (Fig. 2). Inoculation of F. 
udum had adverse effect on the multiplication of both the nematodes. Wilting index was 
recorded 5 where all the three pathogens were inoculated simultaneously while index was 
4 where F. udum was inoculated with M. incognita or H. cajani. All the tested isolates 
reduced wilting index both in plants with 2 or 3 pathogens. Isolate Pa324 and BIS 
reduced wilting index to 2 in plants where two pathogens were inoculated simultaneously 
while index was reduced to 3 where these isolates were inoculated to plants with all the 
three pathogens (Fig. 2). 
ID. Effects of 6 isolates of Bacillus and Pseudomonas in the presence of Rhizobium 
sp. on the growth and wilt diseases complex of pigeon pea under pot condition. 
Effects of 6 isolates of Bacillus and Pseudomonas (Pal 16, Pa324, Pa70, PflS, BIS, and 
B160) along with Rhizobium were studied in on the growth of pigeon pea and also on the 
multiplication of pathogens (Table 8). Inoculation of pathogens singly caused a 
significant reduction in plant growth in comparison to uninoculated control. Inoculation 
of plants with Rhizobium or use of Rhizobium with Bacillus / Pseudomonas caused a 
significant increase in the growth of plants both inoculated with pathogens and also of 
uninoculated control. Rhizobium caused a lesser increase in plant growth than caused by 
Pseudomonas plus Rhizobium or Rhizobium plus Bacillus isolates. However, increases in 
the growth caused by Pseudomonas, Bacillus and Rhizobium in plants inoculated with 
pathogens was greater compared to plants without pathogens. Combined use of 
Table 7. Effects of 6 isolates of Bacillus and Pseiidomonas (isolated in 
2005) on the growth and nodulation of pigeon pea in plants inoculated 
simultaneously with pathogens under pot condition. 
Treatments 
Control 
Pal 16 
Pa324 
Pa70 
Pfl8 
B18 
B160 
L.S.D.p= 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
0.05 
Plant 
length 
(cm) 
154.2e 
92.6qr 
78.5w 
83.7V 
64.5x 
160.5cd 
110.9ijk 
98.2p 
101.2O 
84.5UV 
167.4a 
119.8f 
I08.6jkl 
lll.Sij 
93.7qr 
162.4bc 
112.6hi 
101.3O 
104.6n 
87.3tu 
164.1b 
114.6gh 
103.6no 
105.91mii 
89.6st 
165.3ab 
117.2fg 
105.3mn 
108.2klm 
91.3rs 
159.3d 
103.5no 
94.7q 
98.2p 
78.6w 
2.9 
Plant 
fresh 
weight 
(g) 
104.9c 
62.6pq 
53.2u 
56.7t 
43.6v 
109. led 
75.5ghi 
66.8no 
68.7mn 
57.7st 
113.8a 
81.5f 
73.9hij 
75.8ghi 
63.8p 
110.6bcd 
76.2gh 
68.91mn 
71.4jkl 
59.9rs 
111.7abc 
77.9g 
70.7klm 
72.3ijk 
60.6qr 
112.6ab 
79.4f 
71.4jkl 
73.7hij 
62.2pq 
108.5d 
70.6klm 
64.5op 
66.9no 
53.2U 
2.6 
Plant dry 
weight 
(g) 
24.83d 
14.81st 
12.52y 
13.64WX 
10.56Z 
26.11bc 
17.86hij 
15.83pq 
16.440 
13,42x 
27.11a 
19.26e 
17.45jkl 
18.04ghi 
15.23rs 
26.12bc 
18.24gh 
I6.25op 
16.96mn 
14.07v\v 
26.48b 
18.44fg 
16.430 
17.32klm 
14.24UV 
26.46b 
18.86ef 
17.09Im 
17.65ijk 
14.64tu 
25.73c 
16.63no 
15.44qr 
16.24op 
12.75y 
0.45 
No. of 
nodules 
per root 
system 
7abc 
2cde 
Ide 
Oe 
Ide 
9a 
2cde 
2cde 
Ide 
Ide 
Sab 
2cde 
2cde 
Oe 
Oe 
9a 
2cde 
Ide 
Ide 
Ide 
6abcd 
2cde 
2cde 
Ide 
Ide 
8ab 
3bcde 
3bcde 
2cde 
2cde 
9a 
3bcde 
2cde 
2cde 
Oe 
5 
C= control; H= Helerodera cajani; M= Meloidogyne incognita; F - Fusarium udum 
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Fig.2 Effects of 6 isolates of Bacillus and Pseudomonas (isolated in 2005) on cyst 
formation, galling and wilting of pigeon pea plants simultaneously inoculated with 
pathogens under pot condition. 
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Pseudomonas / Bacillus with Rhizobium was better in increasing plant growth than the 
use of Rhizobium alone. Use of Rhizobium with Pa324 caused a greater increase in plant 
growth than use of Rhizobium with other isolates of Pseudomonas. Similarly, isolate B18 
along with along with Rhizobium caused a greater increase in plant growth than use of 
Rhizobium with other Bacillus isolate. Modulation was high in plants inoculated with 
Rhizobium. Inoculation of pathogens in plants with Rhizobium had an adverse effect on 
nodulation. Inoculation of Bacillus / Pseudomonas isolates with Rhizobium in plants with 
pathogens increased nodulation compared to plants inoculated with pathogens plus 
Rhizobium. 
All the isolates of Bacillus / Pseudomonas and Rhizobium had an adverse effect 
on galling and number of cysts per plants (Fig.3). Isolate Pa324 with Rhizobium caused 
maximum reduction in galling and number of cysts per root system while inoculation of 
Rhizobium alone the least. Wilting index was 3 when plants were inoculated with F. 
udum alone. Index was dropped to 2 when these plants were inoculated with Rhizobium 
or B160 plus Rhizobium. Wilting index was 1 when plants inoculated with F. udum were 
simultaneously inoculated with Rhizobium plus any isolate of Pseudomonas and Bacillus 
exceptB160(Fig. 3). 
Combined inoculation of two or all the three pathogens in presence of Rhizobium 
caused a significant reduction in plant growth over uninoculated control (Table 9). 
Highest reduction in plant growth was observed when all the three pathogens were 
inoculated simultaneously. Isolates of Bacillus I Pseudomonas / Rhizobium caused a 
significant increase in plant growth where pathogens were inoculated simultaneously and 
also in uninoculated control. Use of Rhizobium with Pa324 caused greater increase in 
Table 8. Effects of 6 isolates of Bacillus and Pseudomonas (isolated in 2005) in the 
presence of Rhizobium sp. on the growth and nodulation of pigeon pea in plants 
inoculated with pathogens singly under pot condition. 
Treatments 
Control 
Rhizobium 
R+Pall6 
R+Pa324 
R+Pa70 
R+Pfl8 
R+B18 
R+B160 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
L.S.D.p=0.05 
Plant 
length 
(cm) 
154.2e 
109.3U 
116.8rs 
105.7V 
164.7d 
115.6st 
123.5no 
112.7t 
168.4c 
122.6op 
128.2klm 
119.2qr 
173.6a 
132.4ghi 
137.2f 
130.9hijk 
169.4bc 
125.6mn 
131.5hij 
123.7no 
170.2bc 
128.9jkl 
I33.6gh 
126.41mn 
171.5ab 
130.2ijk 
134.8fg 
128.6jkl 
167.3cd 
119.9pq 
125.6mn 
116.8rs 
2.9 
Plant 
fresh 
weight 
(g) 
104.9e 
74.3pq 
79.6n 
71.9q 
112.1d 
78.4no 
83.7kl 
76.4op 
114.5bcd 
83.2klm 
87.0iJ 
80.8mn 
118.4a 
90.3gh 
93.4f 
88.7hi 
114.9bc 
85.2jk 
89.2ghi 
84.0k 
115.6bc 
87.5 ij 
90.6gh 
85.5jk 
116.5ab 
88.4hi 
91.5fg 
87.3 ij 
113.6cd 
81.41m 
85.3jk 
79.3n 
2.5 
Plant dry 
weight 
(g) 
24.83e 
17.84t 
18.92pq 
17.33U 
26.42d 
18.33rs 
19.74mn 
17.96st 
27.18c 
19.63no 
20,54jkl 
19.42no 
28.44a 
21.72g 
22.46f 
21.53gh 
27.25bc 
20.141m 
21.13hi 
19.82mn 
27.47bc 
21.16hi 
21.44gh 
20.33kl 
27.64b 
20.96ij 
21.61g 
20.67jk 
27.15c 
19.27op 
20.38kl 
i8.76qr 
0.43 
No. of 
nodules per 
root system 
7m 
3m 
4m 
3m 
42b 
22kl 
27ghij 
191 
44ab 
26hijk 
29efghi 
24jk 
45a 
33cde 
37c 
32def 
43ab 
29efghi 
30efgh 
26hijk 
45a 
30efgh 
32def 
28fghij 
47a 
31defg 
35cd 
30efgh 
42b 
25ijk 
27hij 
24jk 
4 
C= control; H= Heterodera cajani; M= Meloidogyne incognita; F= Fusarium udum 
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Fig.3 Effects of 6 isolates of Bacillus and Pseudomonas (isolated in 2005) in the presence 
ofRhizobium on cyst formation, galling and wilting of pigeon pea plants inoculated with 
single pathogen under pot condition. 
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plant growth compared to plant inoculated with Rhizobium plus any other isolate of 
Pseudomonas / Bacillus used in study. Use of Rhizobium plus B160 to plants with 
pathogens caused less increase in plant growth compared to plants inoculated with 
Rhizobium plus other isolates. Modulation was poor in all the plants without Rhizobium 
and high in plants inoculated with Rhizobium. Combined inoculation of pathogens 
adversely affected the nodulation. Inoculation of Bacillus / Pseudomonas isolates with 
Rhizobium increased nodulation (Table 9). 
Bacillus, Pseudomonas isolates and Rhizobium adversely affected the galling and 
cysts formation (Fig 4). Isolate Pa324 with Rhizobium caused maximum reduction in 
galling and cysts formation and less when Rhizobium was used with B160. Inoculation of 
Rhizobium alone was least effective in reducing galling and cysts formation. Wilting 
index was 4 when F. udum was inoculated with either nematode. Index was recorded 5 
when both the nematodes were inoculated with F. udum. Isolates of Bacillus I 
Pseudomonas with Rhizobium reduce wilting index to 3 in plants with all the three 
pathogens. Wilting index was recorded 2 in plants where isolates of Bacillus / 
Pseudomonas with Rhizobium were inoculated to plants with F. udum plus either 
nematode except Rhizobium plus B 160. Inoculation of Rhizobium alone reduce wilting 
index to 3 in plants with all the three pathogens and 2 in plants with two pathogens (Fig 
4). 
Above experiment revealed that out of 6 isolates tested, isolates Pa 324 and B 18 
were best in increasing plant growth and for the management of wilt disease complex of 
pigeon pea. Therefore, these 2 isolates with Rhizobium were tested under field condition 
for the management of wih disease complex of pigeon pea. 
Tabic 9. Effects of 6 isolates of Bacillus and Pseudomonas (isolated in 2005) in the 
presence of Rhizobium sp. on the growth and nodulation of pigeon pea in plants 
inoculated with pathogens simultaneously under pot condition. 
Treatments 
Control 
(C) 
Rhizobium 
(R) 
R+Pall6 
R+Pa324 
R+Pa70 
R+Pfl8 
R+B18 
R+B160 
L.S.D.p=( 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
3.05 
Plant 
length 
(cm) 
154.2f 
92.6rs 
78.5v 
83.7U 
64.5x 
164.7e 
99.5p 
84.7U 
89.2t 
70.5w 
168.4cd 
116.6jk 
108.9no 
110.2mn 
91.6rst 
173.6a 
125.8g 
116.2k 
I2I.4hi 
100.3p 
169.4bcd 
119.3ij 
110.7mn 
114.3kl 
93.5r 
170.2bc 
121.2hi 
112.41m 
116.4k 
96.5q 
171.Sab 
123.7gh 
114.8kl 
119.6i 
98.1pq 
167.3de 
I14.3ki 
106.4O 
107.3O 
89.8t 
2.8 
Plant 
fresh 
weight 
(g) 
104.9e 
62.6rs 
53.2v 
56.7U 
43.6x 
112.1d 
67.4op 
57.3u 
60.lt 
47.9w 
114.5bc 
79.1ij 
73.9mn 
74.81m 
62.1rst 
118.4a 
85.8f 
79.3 ij 
82.8gh 
68.5o 
114.9bc 
80.9hi 
75.11m 
77.5jk 
63.4qr 
115.6bc 
82.3gh 
76.3kl 
79.0ij 
65.5pq 
116.5ab 
84.0fg 
78.5jk 
81.3hi 
66.6op 
113.6cd 
77.6jk 
72.2n 
72.9mn 
60.9st 
2.3 
Plant dry 
weight 
(g) 
24.83e 
14.81" 
12.52W 
13.64V 
10.56y 
L 26.42d 
15.85r 
13.39V 
14.12U 
11.26X 
27.18c 
18.66jk 
17.47op 
17.91mn 
14.65st 
28.44a 
20.79f 
18.98ij 
19.97g 
16.76q 
27.25bc 
18.9Iij 
17.63no 
18.221m 
14.95s 
27.47bc 
19.42h 
18.071m 
I8.88ij 
15.45r 
27.64b 
19.93g 
18.64jk 
19.26hi 
15.72r 
27.15c 
18.33kl 
17.08pq 
17.23op 
14.46tu 
0.40 
No. of 
nodules 
per root 
system 
7mn 
2o 
lo 
Oo 
lo 
42b 
14hi 
9klmn 
12ijk 
6n 
44ab 
19efg 
14hi 
12ijk 
llijkl 
45ab 
24e 
20def 
2Icdef 
16gh 
43b 
21cdef 
16gh 
14hi 
12ijk 
45ab 
22cde 
18fg 
16gh 
13hij 
47a 
23cd 
19efg 
20def 
14hi 
42b 
18fg 
13hij 
lOjklm 
8lmn 
3 
C= control; H= Heterodera cajani; M= Meloidogyne incognita; F= Fusahum udum 
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Fig.4 Effects of 6 isolates of Bacillus and Pseudomonas (isolated in 2005) in the presence 
of Rhizobium on cyst formation, galling and wilting of pigeon pea plants simultaneously 
inoculated with pathogens under pot condition. 
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IE. Effects of Pseudomonas (Pa324), Bacillus (B18) and Rliizobium sp. on the 
growth, yield and wilt diseases complex of pigeon pea under field condition. 
Effects oi Bacillus (B18), Pseudomonas (Pa324) and Rhizobium were studied alone and 
in combination on individual pathogen {H. cajani / M. incognita or F. udum) under field 
condition (Table 10). Inoculation of these isolates alone to plants with out pathogens 
caused a significant increase in plant growth. Inoculation of Rhizobium caused almost a 
similar increase in plant growth that was caused by Pa 324 while B 18 was least effective 
in increasing growth of plant without pathogen. Use of Pa324, BIS and Rhizobium 
together was best while use of B 18 plus Pa 324 among combined treatment was least 
effective in increasing growth of the plants with out pathogen. Use of Rhizobium plus B 
18 caused almost a similar increase in the growth of plants with out pathogen that was 
caused by Rhizobium plus Pa 324. 
Inoculation of Pa324, B18 and Rhizobium against plants with single pathogen 
caused a significant increase in plant growth (Table 10). Inoculation of Pa 324 caused a 
greater increase in plant growth, number of pods per plant in plants with pathogen 
followed by Rhizobium and B 18. Application of all the three isolates together resulted in 
a greater increase in plant growth, number of pods per plant and grain weight per plant 
followed by Rhizobium plus Pa 324, B18 plus Pa 324 and Rhizobium plus B18. 
Nodulation was high in plants inoculated with Rhizobium while pathogens had an adverse 
effect on nodulation. 
Inoculation of Pa 324 caused a higher reduction in galling and number of cysts 
produced per plant followed by Rhizobium and B 18 (Fig.5). Use of Rhizobium with B 18 
plus Pa 324 caused maximum reduction in galling and number of cysts produced 
Table 10. Effects of Pseudomoms (Pa324), Bacillus (B18) (isolated in 2005) and 
Rliizobium sp., on the growth and yield of pigeon pea in plants inoculated with 
pathogens singly under field condition. 
Treatments 
Control 
(C) 
Rhizobium 
(R) 
Bacillus 
(B) 
Pseudomon-
as{?) 
B+P 
R+B 
R+P 
R+P+B 
L.S.D.p=O.C 
C 
M 
H 
F 
C 
M 
H 
F 
C 
M 
H 
F 
C 
M 
H 
F 
C 
M 
H 
F 
C 
M 
H 
F 
C 
M 
H 
F 
C 
M 
H 
F 
5 
Plant 
length 
(cm) 
247.2f 
187.In 
178.60 
169.5q 
262.2cd 
193.81m 
186.In 
176.60 
256.2e 
192.3m 
184.6n 
173.4p 
260.4d 
204.8j 
195.6kl 
186.5n 
264.9bc 
210.7h 
206.2ij 
193.91m 
267.1b 
198.2k 
194.61m 
186.5n 
267.6b 
214.1g 
207.4ij 
196.5kl 
272.3a 
223.2f 
215.4g 
208.7hi 
3.1 
Plant fresh 
weight (g) 
441.6f 
336.70 
319.4q 
304.6s 
470.8d 
348.ln 
334.50P 
315.9q 
461.2e 
346.4n 
330.8p 
311.5r 
468.5d 
367.2k 
350.6mn 
335.20 
475.1c 
378.5h 
370.6ik 
347.5n 
480.5b 
355.21 
349.2mn 
333.9op 
480.6b 
385.6g 
371.9ii 
352.91m 
488.6a 
401.4f 
386.6g 
374.11 
4.2 
Plant dr>' 
weight (g) 
140.64f 
108.29mn 
102.68pq 
97.62s 
149.83d 
110.671m 
106.43O 
100.82qr 
146.73e 
109.471mn 
104.69op 
98.63rs 
148.85de 
116.45J 
111.73kl 
106.89no 
150.23cd 
119.651 
116.91J 
109.541m 
152.63bc 
113.74k 
110.861m 
105.65O 
152.86b 
122.44h 
118.87ij 
111.65kl 
156.73a 
128.67g 
122.58h 
118.44ij 
2.60 
No. of 
pods/ 
plant 
163de 
116n 
109no 
102o 
176bc 
138i] 
1261 
117mn 
169cde 
135jk 
1251m 
112n 
170cd 
149gh 
MOij 
132jkl 
181b 
152gh 
144hi 
137ij 
183ab 
152gh 
140ij 
128kl 
184ab 
162def 
151gh 
144hi 
190a 
170cd 
161ef 
154fg 
8 
Grain 
weight/ 
plant(g) 
146.2fg 
104.7r 
98.6s 
91. l t 
158.Id 
123.8n 
112.6q 
104.9r 
148.2ef 
118.7op 
110.Iq 
98.2s 
149.2e 
131.61 
123.2n 
116.7p 
158.7cd 
132.9kl 
125.3n 
119.60 
161.Ibc 
142.4hi 
132.4kl 
125.In 
163.6b 
144. Igh 
134.4jk 
128.3m 
166.5a 
149.2e 
140.8i 
135.7J 
2.5 
No. of 
nodules 
per root 
system 
IShijk 
12klm 
91m 
8m 
79a 
52bcd 
46defg 
41g 
19hij 
Mjklm 
12klm 
13jklm 
21hi 
IShijk 
16hijk 
15ijkl 
22h 
17hijk 
16hijk 
ISijkl 
83d 
56b 
50bcde 
43fg 
82a 
54bc 
48cdef 
45efg 
84a 
56b 
50bcde 
46defg 
6 
C= control; H= Heterodera cajani; M= Meloidogyne incognita; F= Fusariitm udum 
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(R)on cyst formation, galling and wilting of pigeon pea plants inoculated with single 
pathogen under field condition. 
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followed by Rhizobmm plus Pa 324, B 18 plus Pa 324 and use of Rhizobium with B 18. 
Wilting index was 3 in plants inoculated with F. udum. Use of any single isolate to plants 
with F. udum reduced wilting index to 2 while inoculation of these isolates in 
combination reduced wilting index to 1 (Fig.5). 
Use of Pa 324, B 18 and Rhizobium to plants inoculated with 2 or 3 pathogens 
resulted in increased plant growth, number of pods per plant and grain weight per plant 
(Table 11). Isolate Pa 324 caused a greater increase in growth and yield of plants with 
pathogens followed by Rhizobium and B 18. Use of all the three isolates to plants with 
pathogens caused a maximum increase in growth and yield followed by Rhizobium plus 
Pa 324, B 18 plus Pa 324 and use of Rhizobium with B 18. Combined use of these three 
isolates together with pathogens caused about 30% increase in yield over plants 
inoculated with pathogens only under field condition. 
Inoculation of Pa324, B 18 and Rhizobium reduced galling, number of cysts per 
root system and wilting index (Fig. 6). Maximum reduction in galling, number of cysts 
produced and wilting was observed when all the three isolates were inoculated together. 
Wilting index was 5 in plants inoculated with three pathogens. Inoculation of Pa 324, B 
18 and Rhizobium alone to plants with three pathogens reduce wilting index to 4. 
Inoculation of these isolates in combination of two reduce wilting index to 3. However, 
inoculation of all the three isolates together to plants with three pathogens reduce index to 
2. Inoculation of F. udum with single nematode species resulted in wilting index of 4. 
Index was reduced to 1 when all the three isolates were inoculated to plants with F. udum 
plus M. incognita or H. cajani (Fig. 6). 
2. Rhizobacteria isolated in 2006 
Tabic 11. Effects of Pseudomonas (Pa324), Bacillus {HIS) (isolated in 2005) and/f/Hzoft/M/ji sp., on the 
growth and yield of pigeon pea in plants inoculated with pathogens simultaneously under field condition. 
Treatments 
Control 
(C) 
Rhizobium 
(R) 
Bacillus (B) 
Pseudom-
onas (?) 
B+P 
R+B 
R+P 
R+P+B 
C 
Mil 
MF 
HF 
MHF 
C 
MH 
MF 
HF 
MHF 
C 
MH 
MF 
HF 
MHF 
C 
MH 
MF 
HF 
MHF 
C 
MH 
MF 
HF 
MHF 
C 
MH 
MF 
HF 
MHF 
C 
MH 
MF 
HF 
MHF 
C 
MH 
MF 
HF 
MHF 
L.S.D.p=0.05 
Plant 
length 
(cm) 
247.2f 
148.2X 
141.5y 
136.8Z 
124.2z' 
262.2cd 
IVO.lpqr 
167.6rs 
164.2t 
158.4V 
256.2e 
168.2qr 
164.5sf 
I60.7UV 
153.9\v 
260.4d 
176.51mn 
172.3oB_ 
169.5pqr 
163.6tu 
264.9bc 
183.5ij 
178.61dm 
175.Ino 
169.2pqr 
267.1b 
175.3mno 
171.5pq 
168.3qr 
I61.9tu 
267.6b 
184.21 
180.3ik 
176.5lmn 
170.2pqr 
272.3a 
I97.5g 
189.6h 
184.21 
178.7kl 
3.3 
Plant 
fresh 
weight (g) 
441.6f 
266.2V 
254.5W 
246. Ix 
222.4y. 
470.8d 
305.8mno 
300.2p 
294.6qr 
284.6t 
461.2e 
301.4op 
295.4q . 
288.7st 
276.5U 
468.5d 
316.4kl 
309.2m 
304.6nop 
293.8qr 
475.1c 
328.li 
320.5jk 
314.11 
303.5op 
480.5b 
315.41 
308.6mn 
301.4op 
290.2rs 
480.6b 
330.4i 
323.4J 
316.5kl 
305.8mno 
488.6a 
354.6g 
340.7h 
330.21 
320.6jk 
4.5 
Plant dry 
weight 
(g) 
140.64e 
85.76t 
81.54U 
78.72V 
71.36W 
149.83c 
96.95no 
95.l4opq 
93.46pqr 
90.72s 
146.73d 
95.84op 
93.15prs 
91.83rs 
87.67t 
148.85cd 
100.77jkl 
97.66mno 
96.15no 
93.28pqrs 
150.2bc 
103.2hii 
100.6ki 
98.41mn 
95.7pq 
152.63b 
99.631m 
97.18mno 
95.67opq 
91.84rs 
152.86b 
104.89hi 
102.86ijk 
100.66ijkl 
96.94no 
156.73a 
113.87f 
109.26g 
105.74h 
102.83ijk 
2.63 
No. of 
pods/pl 
ant 
163d 
93pq 
85qrst 
79tu 
64v 
176bc 
106mn 
98nop 
87qrst 
80stu 
169cd 
99no 
89pqrs 
83rst 
72uv 
170cd 
120jk 
1101m 
105mn 
91opqr 
181ab 
131ghi 
125hijk 
118kl 
1101m 
I83ab 
121jk 
116kl 
104mn 
92opqr 
I84ab 
136fg 
129ghij 
122iik 
116kl 
190a 
148e 
141ef 
132fgh 
123hijk 
9 
Grain 
weight/pla 
nt 
(g) 
146.2f 
83.2q 
76.8t 
71.7u 
57.6w 
158.1d 
94.7no 
88.6p 
79.2rst 
72.4U 
148.2ef 
87.5p 
78.1st 
72.9u 
63.5V 
I49.2e 
105.11 
96.2n 
92.70 
80.6qrs 
158.7cd 
114.7J 
109.6k 
102.71m 
96. In 
161.Ibc 
115.9J 
110.4k 
100.2m 
80.9qr 
163.6b 
12I.2i 
114.1J 
108.2k 
103.21 
166.5a 
129.8g 
124.9h 
116.7J 
108.7k 
2.7 
No. of 
nodules 
per root 
system 
18ijkl 
6mno 
3o 
4no 
2o 
79a 
36bcde 
32cdef 
29efgh 
26fghi 
19ijk 
9mno 
8mno 
9mno 
9mno 
21hij 
lOlmno 
lOlmno 
9mno 
6mno 
22ghi 
13jklm 
12klmn 
12klmn 
lOlmno 
83a 
35cde 
38bcd 
34cdef 
30defg 
82a 
36bcde 
35cde 
33cdef 
28efgh 
84a 
44b 
40bc 
38bcd 
35cde 
8 
C= control; H= Heterodera cajani; M= Meloidogyne incognita; F= Fusarium iidum 
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Fig.6 Effects of B 18(B) and Pa 324 (P)(isolatecl in 2005) in the presence of Rhizobium 
(R) on cyst formation, galling and wilting of pigeon pea plants simultaneously inoculated 
with pathogens under field condition. 
Forty isolates of rhizobacteria belonging to fluorescent pseudomonads ands^aattw^^spp-
were isolated from pathogen suppressive soils. After Gram staining, Pseudomonas and 
Bacillus identifications were confirmed by growing on King's B medium and Casein agar 
glucose (CAG) medium respectively. Tests for Bacillus showed positive results for 
growth at 45 °C, pH 5.7, starch hydrolysis, cataiase test and endospore staining while 
negative for growth in 7% NaCl and utilization of citrate (Table 12). However, 6 isolates 
(B 604, B 608, B 609, B 614, B 615 and B 616) were positive for utilization of citrate. 
Comparison of these tests with Sergey's Manual of Determinative Bacteriology, these 20 
isolates may belong to B. coagulans, B. circulans, B. macerans and B. cereus (Table 12). 
On the other hand, green fluorescence of Pseudomonas was very clear on King's B 
medium (Table 13). The characteristic tests for identification of Pseudomonas showed 
that 13 isolates (Pa 601, Pa 602, Pa 603, Pa 606, Pa 609, Pa 610, Pa 612, Pa 613, Pa 614, 
Pa 615, Pa 616, Pa 619 and Pa 620) were positive for gelatin liquefaction, cataiase test 
and growth at 41 °C while negative for levan formation, starch hydrolysis and growth at 4 
°C thus identified as Pseudomonas aeruginosa (Pa). Only 5 isolates (Pf 604, Pf 605, Pf 
607, Pf 608 and Pf 611) showing different behavior with positive levan formation, gelatin 
liquefaction, growth at 4 °C and cataiase test while negative for starch hydrolysis and 
growth at 41 °C and were identified as Pseudomonas fluorescens (Pf). Remaining 2 
isolates (P 617 and P 618) may belong to some other species of Pseudomonas and need 
further characterization (Table 13). 
2A. Effects on colonization of roots and hatching and penetration of nematodes 
Effects of 20 isolates of Pseudomonas were observed on the hatching of M. incognita, 
penetration of M incognita and H. cajani, antifungal activity against F. udum and 
Table 12. Characteristic tests for identification of Bacillus spp (isolated in 2006). 
Isolates 
B601 
B602 
B603 
B604 
B605 
B606 
B607 
B608 
B609 
B610 
B611 
B612 
B613 
B614 
B615 
B616 
B617 
B618 
B619 
B620 
Gram 
reaction 
+ 
^ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth 
on 
CAG 
medium 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Grovrth 
at45°C 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growtli 
at pH 
57 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth at 
7% NaCI 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Endospore 
staining 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Utilization 
of citrate 
-
-
-
+ 
-
-
-
+ 
+ 
-
-
-
-
+ 
+ 
+ 
-
-
-
-
Starch 
hydrolysis 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Catalase 
test 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Table 13. Characteristic tests for identification of Pseudomonas spp. (isolated in 2006). 
Isolates 
Pa601 
Pa602 
Pa603 
Pf604 
Pf605 
Pa606 
Pf607 
Pf608 
Pa609 
Pa610 
Pf611 
Pa612 
Pa613 
Pa614 
Pa615 
Pa616 
P617 
P618 
Pa619 
Pa620 
Gram 
staining 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Gelatin 
hquefaction 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Starcli 
hydrolysis 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Growth 
on 
King's B 
medium 
++ 
++ 
++ 
++ 
+ 
++ 
+(L) 
+(L) 
+ 
++ 
++ 
++ 
+(L) 
++ 
++ 
++ 
++ 
++ 
+ 
+(VL) 
Growth 
at4°C 
-
-
-
+ 
+ 
-
+ 
+ 
-
-
+ 
-
-
-
-
-
-
-
-
-
Grov\1h 
a t 4 r C 
+ 
+ 
+ 
-
-
+ 
-
-
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
Catalase 
test 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Levan 
formation 
-
-
-
+ 
+ 
-
+ 
+ 
-
-
+ 
-
-
-
-
-
+ 
+ 
-
-
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colonization of pigeon pea roots by these isolates (Table 14). Eleven isolates (Pa 601, Pa 
602, Pa 603, Pf 605, Pa 606, Pf 607, Pa 610, Pa 612, Pa 613, Pa 616 and P 618) showed 
antifungal activity against F. udum while 9 isolates (Pa 601, Pf 604, Pf 605, Pa 609, Pf 
611, Pa 613, Pa 614, Pa 616 and Pa 620) caused greater colonization of pigeonpea roots 
ranging from "i .6x10'' to 2.1x10'' colony forming units (CPU) per g root. However, 
colonization of root by different Pseudomonas isolates varied from O.SxlO'' to 2.1x10 
CPU / g root. All the 20 isolates of Pseudomonas had adverse effect on the hatching of 
M incognita and penetration of M incognita and H. cajani. Six isolates (Pf 604, Pf 605, 
Pa 609, Pf 611, Pa 616 and Pa 620) caused a greater adverse effect on hatching of M. 
incognita and penetration of M. incognita and H. cajani than other isolates used (Table 
14). 
All the 20 isolates of Bacillus had adverse effect on the hatching of M. incognita 
and penetration of M incognita and H. cajani (Table 15). Isolate B 615 caused a greater 
inhibition in the hatching of M incognita followed by B618, B602, B605 and B603. 
Isolate B614 was least effective in the inliibition of hatching of M incognita. Isolate 
B615 also caused a greater adverse effect on the penetration of M. incognita and H. 
cajani followed by B618, B602, B605 and B603. Again isolate B614 was least effective 
in inhibition of penetration of both the nematode studied. Twelve isolates (B602, B604, 
B605, B607, B608, B609, B611, B612, B613, B615, B616 and B618) showed antifungal 
activity against F. udum. Colonization of root caused by B 615 was greater followed by 
B618, B602 and B603. Colonization of root by different Bacillus isolates varied from 
0.4x10^ to 1.9x10^ CPU / g root (Table 15). 
2B. Effects on seedling growth, phosphate solubilization, lAA and HCN production 
Tabic 14. Effect of Pseudoinonas isolates (isolated in 2006) on the hatching of M. incognita, 
penetration of M. incognita and H. cajani, antifungal activity against F. udiim and 
colonization of pigeon pea roots. 
Isolates 
DDW 
Pa601 
Pa602 
Pa603 
Pf604 
Pf605 
Pa606 
Pf607 
Pf608 
Pa609 
Pa610 
Pf611 
Pa612 
Pa613 
Pa614 
Pa615 
Pa616 
P617 
P618 
Pa619 
Pa620 
L.S.D.p=0.05 
No. of M 
incognita 
hatched 
435a 
251m 
341g 
286j 
212p 
138r 
424b 
294i 
350f 
245mn 
392d 
196q 
268k 
238no 
2601 
381e 
2340 
402c 
302h 
420b 
207p 
7 
Antifungal 
activity of 
rhizobacteria 
+ 
+ 
+ 
~ 
+ 
+ 
+ 
" 
~ 
+ 
"~ 
+ 
+ 
~ 
" 
+ 
~ 
+ 
~ 
" 
___ 
Root 
colonization 
(CFU/ g root) 
1.6x10" 
1.1x10' 
1.4x10" 
1.9x10" 
2.1x10" 
0.8x10" 
1.3x10" 
1.0x10" 
1.7x10" 
1.2x10" 
1.8x10" 
1.5x10" 
1.8x10" 
1.6x10" 
0.9x10" 
2.1x10" 
0.9x10" , 
1.2x10" 
0.8x10" 
1.7x10" 
No. of M 
incognita 
penetrated 
32a 
14kl 
22fg 
18hij 
lOmno 
5p 
3 lab 
19ghi 
24ef 
13kim 
27cde 
7op 
16ijk 
12lmn 
I5jkl 
26de 
12Imn 
28bcd 
20gh 
30abc 
9no 
3 
No. of//. 
cajani 
penetrated 
35a 
16kl 
23gh 
19ij 
12mn 
8q 
34ab 
21 hi 
25fg 
14 im 
27ef 
9op 
17jk 
141m 
16kl 
28de 
141m 
30cd 
21hi 
32bc 
lino 
2 
Table 15. Effect of Bacillus isolates (isolated in 2006) on the hatching of M. incognita, 
penetration of M. incognita and //. cajani, antifungal activity against F. uduin and 
colonization of pigeon pea roots. 
Isolates 
DDW 
B601 
B602 
B603 
B604 
B605 
B606 
B607 
B608 
B609 
B610 
B611 
B612 
B613 
B614 
B615 
B616 
B617 
B618 
B619 
B620 
L.S.D. 
P=0.05 
No. of M 
incognita 
hatched 
435a 
360e 
221n 
2511 
332f 
242m 
326f 
273k 
370d 
292h 
372d 
386c 
390c 
279ijk 
402b 
141o 
280ij 
301g 
218n 
277jk 
284! 
6 
Antifungal 
activity of 
rhizobacteria 
" 
+ 
" 
+ 
+ 
" 
+ 
+ 
+ 
" 
+ 
+ 
+ 
" 
+ 
+ 
~ 
+ 
~ 
" 
Root 
colonization 
(CFU/ g root) 
___ 
0.7x10' 
1.7x10' 
1.6x10' 
0.8x10' 
1.9x10' 
0.8x10' 
1.4x10' 
0.6x10' 
1.1x10' 
0.6x10' 
0.5x10' 
0.5x10' 
1.3x10' 
0.4x10' 
1.9x10' 
1.2x10' 
0.9x10' 
1.8x10' 
1.3x10' 
1.2x10' 
No.ofM 
incognita 
penetrated 
32a 
23cde 
8kl 
llijk 
21def 
lOjkl 
20ef 
13hij 
24cd 
16gh 
24cd 
25bc 
26bc 
14hi 
28b 
4m 
15gh 
18fg 
71m 
14hi 
15gh 
No.ofW. 
cajani 
penetrated 
35a 
24cd 
lOij 
13ghi 
24cd 
llhij 
21de 
13ghi 
25bcd 
17ef 
26bc 
27bc 
27bc 
15fgh 
29b 
7j 
17ef 
21de 
9ij 
16fg 
17ef 
4 
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All the 20 isolates of Bacillus caused a significant increase in the growth of pigeon pea 
seedling (Table 16). Maximum increase in the seedling growth was caused by B 60^ and 
B 615 followed by B 617 and B 605. However, minimum increase in the seedling growth 
was caused by B 619. All the 20 isolates of Bacillus caused phosphate solubilization. 
Maximum phosphate solubilization was caused by B 607 and B 615 followed B 606, 
B601 and B 603. Least phosphate solubilization was caused by B 609. All the 20 Bacillus 
isolates also caused lAA production. Maximum lAA production was shown by B 608 and 
B 615. However, least lAA production was obtained from B 607 (Table 16). 
All the 20 isolates of Pseudomonas caused a significant increase in the growth of 
pigeon pea seedling except Pa 603 and Pa 613 (Table 17). Maximum increase in the 
seedling growth was caused by P 618 and Pf 605. However, minimum increase in the 
seedling growth was caused by Pa 619. All the 20 isolates of Pseudomonas caused 
phosphate solubilization. Maximum phosphate solubilization was caused by P 618 
followed by Pa 615, P 617 and Pa 619. Least phosphate solubilization was caused by Pa 
612. All the 20 Pseudomonas isolates also caused lAA production. Maximum lAA 
production was shown by P 618 followed by Pf 608 and Pf 605. However, least lAA 
production was obtained from Pf 604. All the 20 isolates of Pseudomonas showed HCN 
production. Isolates Pf 605, Pf 608, Pf 611, Pa 615 and P 618 showed high production of 
HCN. Thirteen isolates (Pa 601, Pa 602, Pa 603, Pa 606, Pf 607, Pa 609, Pa 610, Pa 612, 
Pa 614, Pa 616, P 617, Pa 619 and Pa 620) showed moderate production of HCN while 2 
isolates (Pf 604 and Pa 613) caused low HCN production (Table 17 ). 
Nine isolates of Bacillus and Pseudomonas (B 602, B 603, B 605, B 615, B 618, 
Pf 604, Pf 605, Pf 611 and Pa 616) were selected for the pot experiment on the basis of 
Table 16. Effects of Bacillus isolates (isolated in 2006) on seedling 
growth of pigeon pea. Solubilization of inorganic phosphate, 
production of indole acetic acid (lAA) by these rhizobacteria. 
Isolate-^  
Control 
B601 
B602 
B603 
B604 
B605 
B606 
B607 
B608 
B609 
B610 
B611 
B612 
B613 
B614 
B615 
B616 
B617 
B618 
B619 
B620 
L.S.D.p=0.05 
lAA 
production 
(Hg/ml) 
— 
3.00h 
4.75f 
4.50fg 
2.501 
12.25b 
3.25h 
1.75J 
13.25a 
12.00b 
4.75f 
3.25h 
4.25g 
lO.OOd 
5.75e 
13.25a 
4.75f 
11.00c 
4.50fg 
5.75e 
4.75f 
0.40 
Phosphate 
solubilization 
(Mg/ml) 
— 
46.0bc 
44.0cde 
46.0bc 
40.0f 
41.5ef 
48.5b 
53.5a 
43.Ode 
13.51 
34.5ghi 
42.0def 
32.5i 
44.5cd 
33.Shi 
52.0a 
19.0k 
35.5gh 
39.5f 
36.5g 
22.0J 
2.8 
In-vitro 
seedling 
growth (cm) 
3.22J 
8.16cd 
6.56efg 
5.84fgh 
6.28efg 
9.26bc 
6.68ef 
6.10fg 
10.80a 
8.74c 
6.20fg 
6.44efg 
7.38de 
8.54cd 
8.26cd 
10.78a 
8.14cd 
lO.OOab 
5.44ghi 
4.621 
4.70hi 
1.17 
Table 17. Effects oi Pseudomonas isolates (isolated in 2006) on seedling growth 
of pigeon pea. Solubilization of inorganic phosphate, production of indole acetic 
acid (lAA) and hydrogen cyanide (HCN) by these rhizobacteria. ' 
Isolat&J 
Control 
Pa601 
Pa602 
Pa603 
Pf604 
Pf605 
Pa606 
Pf607 
Pf608 
Pa609 
Pa610 
Pf611 
Pa612 
Pa613 
Pa614 
Pa615 
Pa616 
P617 
P618 
Pa619 
Pa620 
L.S.D.p=0.05 
lAA 
production 
(Hg/ml) 
— 
11.50g 
12.00f 
8.001 
4.50m 
18.50c 
5.50k 
12.00f 
20.00b 
5.25kl 
6.75J 
16.50d 
6.75J 
5.001 
9.75h 
11.50g 
6.75J 
5.25kl 
20.50a 
12.50e 
6.50J 
0.45 
HCN 
production* 
— 
b" 
b" 
b" 
+ 
c 
+ 
a 
b" 
b" 
+ 
a 
b^ 
b" 
+ 
a 
b" 
+ 
c 
b" 
+ 
a 
b" 
b" 
+ 
a 
b" 
b" 
— 
Phosphate 
solubilization 
(Hg/ml) 
— 
23.51 
37.0gh 
37.5g 
27.5k 
48.0de 
35.0hi 
40.5f 
46.5e 
28.0k 
40.5f 
48.0de 
14.0n 
19.5m 
32.5J 
52.5b 
34.0ij 
50.5bc 
56.0a 
49.5cd 
36.0ghi 
2.4 
In-vilro 
seedling 
growth(cm) 
3.25i 
6.80fg 
6.28fgh 
4.04i 
7.06ef 
10.42a 
9.80ab 
5.94gh 
9.96ab 
6.92fg 
6.32fgh 
8.28cd 
5.56h 
4.02i 
9.20bc 
6.96fg 
8.72cd 
8.12de 
10.82a 
5.34h 
7.16ef 
1.06 
c* = Light brown 
b^ = Dark brown 
a^  = Orange-brown 
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antifungal activity (B602, B605, B615, B 618, Pf 605 and Pa 616), high adverse effect on 
hatching and penetration of nematodes and greater colonization of root (B 602, B 603, B 
605, B 615, B 618, Pf 604, Pf 605, Pf 611 and Pa 616). These isolates also caused 
increase in seedling growth, phosphate solubilization and lAA and HCN production. 
2C. Effects of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) on the 
growth and wilt diseases complex of pigeon pea under pot condition. 
Five isolates of Bacillus (B602, B603, B605, B615 and B618) and four isolates of 
Pseudomonas (Pf604, Pf605, Pf611 and Pa616) found potential in green house assay test 
and were tested under pot condition (Table 18). Inoculation of M incognita IH. cajani or 
F. udum caused a significant reduction in plant growth over uninoculated control. 
Fusarium udum caused a greater reduction in plant growth followed by H. cajani and M. 
incognita. All the nine isolates of Bacillus and Pseudomonas increase growth of plants 
inoculated with single pathogen and pathogen free control plants. Increase in plant 
growth caused by these isolates was higher in the pathogen inoculated plants than in 
plants without pathogens. Isolate B615 showed the highest increase in plant growth 
followed by Pf605, Pf604, Pf611, B603, B605, B618, B602 and Pa616. Inoculation of 
pathogens had an adverse effect on nodulation but inoculation of Bacillus / Pseudomonas 
isolates had no effect on nodulation (Table 18). 
Isolate B615 also had high adverse effect on cyst formation and root galling 
followed by Pf605, Pf604, Pf611, B603, B605, B618, B602 and Pa616 (Fig 7). Wilting 
index was found 3 in plants inoculated with F. udum. Isolates B615, Pf604, Pf605 and 
Pf611 reduce wilting index to 2 while other isolates had no effect on wilting indices of i^ . 
udum inocalated plants (Fig. 7). 
Table 18. Effects of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) 
the growth and nodulation of pigeon pea in plants inoculated with pathogen 
singly under pot condition. 
Treatments 
Contiol 
(C) 
B602 
B603 
B605 
B615 
B618 
Pf604 
Pf605 
Pf611 
Pa616 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
L S D p=0 05 
Plant 
lengtli 
(cm) 
156 7e 
113 5pqrs 
118 91mn 
107 8u 
159 3cde 
117 9mno 
122 9jk 
111 7st 
1614c 
121 4kl 
127 6hi 
115 2opqr 
160 4cd 
118 8mn 
123 7j 
112 8rst 
167 6a 
127 8hi 
133 6f 
121 2kl 
158 4de 
116 8mnop 
121 7kl 
110 6tu 
162 2bc 
122 6jk 
128 2gh 
116 2nopq 
164 6b 
124 91) 
130 8fg 
118 91mn 
160 9cd 
119 61m 
125 2ii 
113 9pqrs 
160 led 
118 2mn 
122 9jk 
111 4st 
29 
Plant 
fresh 
weight (g) 
106 7e 
78 2tuv 
80 8opqrs 
76 7v 
108 8de 
80 9opqr 
83 6klmn 
78 6stuv 
llOScd 
83 6klmn 
86 8hi 
81 lopq 
109 5cde 
81 6nop 
84 3jklm 
79 3qrstu 
116 4a 
86 3hij 
92 5f 
86 8hi 
107 9e 
80 3pqrst 
82 81mno 
77 9uv 
111 5bc 
84 5jklm 
87 4gh 
82 3mnop 
113 2b 
84 5jklm 
89 5g 
84 6ijkl 
110 lode 
82 3mnop 
85 6hijk 
80 4pqrst 
108 5de 
81 2opq 
83 7klmn 
78 8rstu 
22 
Plant dry 
weight (g) 
25 34f 
18 76uvw 
19 17tuv 
17 62x 
25 71f 
20 34pq 
20 76nop 
18 53w 
26 26cd 
21771 
22 411 
19 34tu 
26 16de 
20 91no 
21 471m 
18 93UVW 
27 73a 
22 741 
24 12g 
20 76nop 
25 72ef 
19 60st 
19 84rs 
18 05X 
26 64bc 
22 26k 
22 851 
19 44st 
26 85b 
22 441 
23 33h 
20 26qr 
26 36cd 
21 limn 
2197J 
19 16tuv 
25 62f 
20 64opq 
20 851 
18 63w 
0 44 
No of nodules 
per root system 
8abcd 
4de 
5cde 
4de 
9abc 
5cde 
Sabcd 
4de 
Sabcd 
3e 
5cde 
4de 
lOab 
4de 
6bcde 
6bcde 
7abcde 
4de 
5bcde 
5bcde 
9abc 
4de 
4de 
4de 
Sabcd 
3e 
6bcde 
6bcde 
6bcde 
4de 
5cde 
5cde 
lOab 
Sabcd 
7abcde 
7abcde 
11a 
6bcde 
7abcde 
7abcde 
4 
C= control, H= Heterodera cajani, M= Meloidogyne incognita, F= Fusanum udum 
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Fig. 7 Effects of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) on cyst 
formation, galling and wilting of pigeon pea plants inoculated with single pathogen under 
pot condition. 
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Effect of application of nine isolates of Bacillus and Pseudomonas were studied in 
the presence of simultaneous inoculation on two or more pathogens (Table 19). 
Simultaneous inoculation of pathogens caused a significant reduction in plant growth 
over uninoculated control. Inoculation of H. cajani plus F. udum resulted in a greater 
reduction in plant growth followed by inoculation of M. incognita plus F. udum. 
Inoculation of H. cajani plus M. incognita- caused lesser reduction in plant growth 
compared to plants inoculated wit F. udum plus M. incognita / H. cajani. Maximum 
reduction in plant growth was observed when all the tliree pathogens were inoculated 
simultaneously. Isolate B615 caused a greater increase in plant growth followed by 
Pf605, Pf604, Pf611, B603, B605, B618, B602, and Pa616 in pathogen inoculated plants 
and uninoculated control. Isolates of Bacillus and Pseudomonas had no effect on 
nodulation while combined inoculation of pathogens adversely affected nodulation. 
Isolate B615 caused a greater reduction in galling and cyst formation followed by 
Pf605, Pf604, Pf611, B603, B605, B618, B602, and Pa616 (Fig. 8).Wilting index was 5 
in plants inoculated with F. udum plus both nematodes. Inoculation of these plants with B 
603, B 615, Pf 604 Pf 605 and Pf 611 reduce wilting index to 4. Wilting index was 4 in 
plants inoculated with F. udum plus either species of nematode. Index was reduced to 3 
when these plants were inoculated with B 615, Pf 604, Pf 605 and Pf 61 l(Fig. 8). 
2D. Effects of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) in the 
presence of Rhizobium sp. on the growth and wilt diseases complex of pigeon pea 
under pot condition. 
Nine isolates of Bacillus and Pseudomonas (B602, B603, B605, B615, B618, Pf604, 
Pf605, Pf611 and Pa616) were evaluated along with Rhizobium for management of test 
Tabic 19. Effects of 9 isolates of Bacillus and Pseudomonas (isolated in 
2006) on the growth and nodulation of pigeon pea in plants inoculated 
with pathogens simultaneously under pot condition. 
Treatments 
Control 
(C) 
B602 
B603 
B605 
B615 
B618 
Pf604 
Pf605 
Pf611 
Pa616 
L S . D p 
C 
HM 
HF 
IVfF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
=0 05 
Plant lengtli 
(cm) 
156 7f 
90 6u\ 
79 2z 
84 6y 
65 2bb 
159 3def 
96 5pqrs 
87 6\vx 
92 7tu 
75 laab 
161 4cde 
112 81J 
95 6qrs 
100 21mn 
84 6y 
160 4cde 
99 5mno 
90 6uv 
95 2qrs 
78 4z 
167 6a 
1185g 
100 41m 
107 6k 
95 Sqrst 
158 4ef 
94 2st 
85 lx> 
90 2uvw 
73 Saab 
162 2bc 
114 6hi 
96 8opqr 
102 4! 
86 3xy 
164 6b 
116 3gh 
98 5mnop 
105 3k 
90 2uvw 
160 9cde 
110 4; 
92 7tu 
97 6nopq 
80 2z 
160 Icde 
98 Imnopq 
89 2vw 
94 6st 
77 7zaa 
2 7 
Plant fresh 
weiglit (g) 
106 7f 
60 8\\\x 
53 5z 
57 2y 
44 3bb 
108 8def 
65 2pqrs 
59 4wxy 
62 9stuv 
5Uaa 
llOSbcd 
76 7hi 
64 8pqrs 
67 9mno 
57 4y 
109 5cde 
67 4mnop 
61 2uvv\'x 
64 5qrs 
53 2z 
116 4a 
80 7g 
68 5mn 
73 4)k 
65 2pqrs 
107 9ef 
63 8qrstu 
57 2y 
60 6vwx 
50 2aa 
111 5bc 
78 1gh 
65 6opqr 
69 71m 
58 7xy 
113 2b 
79 1gh 
67 4mnop 
718kl 
61 7tuvw 
110 Icde 
75 1,J 
63 2rstuv 
66 Inopq 
54 Iz 
108 5def 
66 4flopq 
60 7v\vx 
64 2qrst 
52 9zaa 
26 
Plant dry 
weight (g) 
25 34e 
14 24tu 
12 55x 
n 73 vw 
10 42Z 
25 71e 
15 32op 
14 44st 
14 85IS 
12 13y 
26 26cd 
18 32h 
15 53no 
16 051m 
14 28111 
26 16d 
15 921mn 
14 85rs 
15 54no 
13 42\v 
27 73a 
19 18f 
!6 57|k 
17 641 
15 951m 
25 72e 
15 27op 
13 78vw 
14 33t 
11 72yz 
26 64bc 
18 66gh 
15 971m 
16 77| 
14 88qr 
26 85b 
18 79fg 
16 24kl 
17 241 
15 25opq 
26 36cd 
17 651 
14 94pqr 
15 66mno 
13 98uv 
25 62e 
15 961m 
14 59rst 
15 380 
12 62x 
041 
No of 
nodules per 
root system 
8abcd 
2ghi 
2ghi 
2ghi 
Oi 
9abc 
3fghi 
3fghi 
2gh. 
Ihi 
8abcd 
3fghi 
4efgh 
2ghi 
2ghi 
lOab 
4efgh 
3ghi 
3fghi 
2ghi 
7bcde 
4efgh 
3fghi 
3fghi 
2ghi 
9abc 
6cdef 
5defg 
2gh. 
Ihi 
8abcd 
3fgh. 
2ghi 
2ghi 
2ghi 
6cdef 
3fgh. 
4efgh 
4efgh 
2ghi 
lOab 
4efgh 
2ghi 
2ghi 
Oi 
11a 
3fgh. 
3fghi 
Oi 
Oi 
3 
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Fig. 8 Effects of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) on cyst 
formation, galling and wilting of pigeon pea plants simultaneously inoculated with 
pathogens under pot condition. 
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pathogens (Table 20). Inoculation of any of the single pathogen (//. cajani / M. incognita 
or F. udum) caused a significant reduction in plant groMh over uninoculated control. 
Inoculation of plants with isolates of Bacillus / Pseudomonas or Rhizobium caused a 
significant increase in plant growth inoculated with pathogen and also of uninoculated 
control. Rhizobium caused a lesser increase in the plant growth than caused by 
Pseudomonas I Bacillus isolates with Rhizobium. However, increase in the plant growth 
caused by Pseudomonas / Bacillus with Rhizobium in plants inoculated with pathogen 
was greater compared to plants without pathogen. Isolate B615 with Rhizobium caused a 
greater increase in plant growth while B618 plus Rhizobium the least. Combined use of 
Pseudomonas plus Rhizobium or Bacillus plus Rhizobium was better in increasing plant 
growth than the use of Rhizobium alone. The combined use of B6I5 with Rhizobium 
caused a greater increase in plant growth than any other isolates of Bacillus plus 
Rhizobium or Rhizobium plus Pseudomonas combination. Modulation was high in plants 
inoculated with Rhizobium. Inoculation of pathogens in plants with Rhizobium had 
adverse effect on nodulation. Inoculation of Bacillus / Pseudomonas isolates with 
Rhizobium increased nodulation in pathogen inoculated plants. 
Rhizobium sp., Bacillus and Pseudomonas isolates had an adverse effect on 
number of galls and cysts per root system (Fig 9). Isolate B615 plus Rhizobium caused a 
greater reduction in number of galls and cysts per root system while Rhizobium plus B 18 
the least among combined treatments. Wilting index was found 3 in plants inoculated 
with F. udum. Use of Rhizobium or Bacillus I Pseudomonas plus Rhizobium reduced 
wilting index. Use of isolate B615 / Pf 604 / Pf 605 / Pf611 with Rhizobium reduce 
wilting index to l(Fig. 9). 
Table 20 . Effects of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) 
in the presence of Rliizobium sp. on the growth and nodulation of pigeon pea 
plants inocu lated A 
Treatments 
Control 
(C) 
Rhizobium 
(R) 
R+B602 
R+B603 
R+B605 
R+B615 
R+B618 
R+Pf604 
R+Pf605 
R+Pf611 
R+Pa616 
L.S.D.p=0 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
.05 
vith pathogens 
Plant length 
(cm) 
156.7f 
113.5V 
1I8.9U 
107.8W 
164.4e 
117.9U 
122.6qrs 
l l l .Sv 
167.7cd 
120.4stu 
125.91ninop 
114.2V 
171.6ab 
126.9!mn 
133.2hii 
123.6opqr 
169.7bc 
124.3nopqr 
130.1jk 
120.2stu 
174.5a 
132.2hij 
137.8g 
126.21mn 
166.5de 
119.2tu 
124.1nopqr 
112.9V 
172.4ab 
128.5kl 
134.6hi 
124.8iTmopqr 
173.6a 
130.5jk 
135.2gh 
125.0mnopqr 
170.4bc 
125.61mnop 
131.7ii 
122.9pqrs 
168.1cd 
122.2rst 
127.9klm 
117.4U 
3.1 
singly under 
Plant fresh 
weight (g) 
106.7e 
78.2tuv 
80.8rst 
76.7V 
111.5d 
78.8tuv 
83.5nopqr 
76.2v 
H3.8c 
81.9pqrs 
85.4mno 
77.2UV 
116.5abc 
86.4jklmn 
91.1gh 
84.1mnopq 
115.6abc 
84.6mnop 
88.7ghij 
81.9pqrs 
118.4a 
90.1ghi 
94.2f 
85.41inno 
113.6c 
81.5qrs 
84.2mnopq 
76.8v 
I17.3ab 
87.5ijkl 
91.6fg 
84.91mno 
118.2a 
88.4hijk 
91.6fg 
85.21mno 
115.9abc 
85.7klmno 
90.2ghi 
83.7nopqr 
li4.7bc 
83.2opqr 
86.9jklm 
80.1stu 
2.9 
pot conditio 
Plant dry 
weight (g) 
25.34f 
18.76UV " 
19.17stu 
17.62W 
26.63e 
19.36st 
20.14qr 
18.42V 
27.27cd 
20.91 nop 
21.43mn 
18.82tuv 
27.66bc 
23.25J 
23.71ij 
21.23mno 
27.65bc 
22.04kl 
22.63k 
19.72rs 
28.24a 
24.52gh 
24.63gh 
21.661m 
26.81de 
20.56pq 
20.65pq 
18.34V 
28.06ab 
23.951 
24.24J 
21.631m 
27.96ab 
24.11 hi 
24.96fg 
21.37mn 
27.66bc 
22.55k 
23.24J 
20.68opq 
27.54bc 
21.44mn 
21.83kl 
19.32stu 
0.56 
n. 
No. of 
nodules 
per root 
system 
8s 
4s 
5s 
4s 
5 lab 
26nopq 
30jklmn 
24opqr 
Slab 
281mnop 
34ghijk 
21qr 
54a 
34ghijk 
40def 
29Imno 
50ab 
291mno 
35fghii 
23qr 
52a 
40de 
46bc 
37efgh 
52a 
27mnop 
33ghijkl 
20r 
51ab 
36efghi 
41cde 
31ijklmn 
53a 
38defg 
43 cd 
33ghijkl 
50ab 
32ijklm 
38defg 
26nopq 
5 lab 
30jklmn 
36efghi 
24opqr 
5 
C= control; H= Heterodera cajani; M= Meloidogyne incognita; F= Fusarium udum 
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Fig 9 Effects of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) in the 
presence of Rhizobium on cyst formation, galling and wilting of pigeon pea plants 
inoculated with single pathogen under pot condition 
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Combined inoculation of two or all the tliree pathogens caused a significant 
reduction in plant growth over uninoculated control plants (Table 21). Greatest reduction 
in plant growth was observed when all the three pathogens were inoculated 
simultaneously. Isolates of Bacillus / Pseudomonas and Rhizobium caused a'significant 
increase in plant growth when pathogens were inoculated simultaneously and also in 
uninoculated control. Increase in plant growth caused by Bacillus I Pseudomonas isolates 
with Rhizobium in plants with pathogen was greater compared to plants inoculated with 
Rhizobium alone. Isolate B615 with Rhizobium caused a greater increase in plant growth 
in combined treatment while B618 plus Rhizobium the least. Nodulation was poor in all 
plants without Rhizobium and higher in plants inoculated with Rhizobium. Combined 
inoculation of pathogens in plants with Rhizobium had an adverse effect on nodulation. 
However, inoculation of Pseudomonas / Bacillus isolate with Rhizobium increased 
nodulation. 
Rhizobium, Bacillus and Pseudomonas isolates had an adverse effect on galling 
and cysts formation (Fig. 10). Isolate B615 plus Rhizobium caused a greater reduction in 
galling and cysts per root system than other treatments. Combined inoculation of F. udum 
with both of nematodes caused severe wilting (wilt index 5). Wilting index was reduced 
to 3 when these plants were treated with B 603 / B 615 / Pf 604 / Pf 605 / Pf 611 along 
with Rhizobium. Wilting index was 4 in plants inoculated with F. udum plus either 
nematode species. Inoculation of these plants with B 615 / Pf 604 / Pf 605 / Pf 611 plus 
Rhizobium reduce wilting index to 2 (Fig. 10). 
Above experiments revealed that out of 9 isolates tested, isolates B 615 and Pf 
605 were best in increasing plant growth and for the management of wilt disease complex 
Table 21 Effects of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) 
in the presence of Rliizobium sp. on the growth and nodulation of pigeon pea 
in plants inoculated with pathogens simultaneously under pot condition. 
1 reatments 
Control 
(C) 
Rhizobium 
(R) 
R+B602 
R+B603 
R+B605 
R+B615 
R+B618 
R+Pf604 
R+Pf605 
R+Pf611 
R+Pa616 
L.S.D.p=( 
C 
H M ' 
HF 
MF 
HMF 
C 
HM 
HF 
Mr 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMP 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HP 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
• HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
3.05 
Plant 
length (cm) 
156 If 
90 6v\\ 
79 2aa 
84 6>z 
65 2dd 
I64 4e 
95 4qrstu 
84 3yE 
89 5v\vx 
71 2cc 
167 7de 
98 7opq 
89 2v\vx 
95 2rstu 
77 Saab 
171 6abc 
109 9ij 
98 4opqr 
104 6kl 
90 4vv\ 
169 7cd 
103 91m 
94 6tu 
100 2nop 
83 8z 
174 5a 
120 9g 
105 lU 
III 8i 
102 71mn 
166 5de 
97 4pqrst 
87 ewTiy 
92 5UV 
75 6bb 
172 4abc 
11251 
100 2nop 
107 5j 
94 8stu 
173 6ab 
116 4h 
103 limn 
109 6ij 
98 7opq 
1704bc 
106 6jk 
96 7qrst 
102 31mn 
86 8xy2 
168 Id 
101 3mno 
92 4uv 
98 lopqrs 
80 2aa 
34 
Plant fresh 
weight (g) 
106 7f 
60 8yz 
53 Seed 
57 2aab 
44 3fl 
111 5e 
64 7tuvw 
57 2aab 
60 9yz 
48 7ee 
113 8cde 
67 4pqrst 
60 2yz 
64 4uv\v\ 
52 9ccd 
116 5abc 
74 91J 
67 2qrstu 
71 2lmn 
61 5xyz 
115 6abcd 
70 8lmno 
64 5tuvw 
68 2opqrs 
56 9aab 
118 4a 
82 6g 
71 7klmn 
76 Shi 
70 4mno 
113 6de 
66 3rstu 
59 6zaa 
63 lv\vxy 
51 6dde 
117 3ab 
76 7hi 
68 2opqrs 
73 Sjkl 
64 6tuvw 
1182a 
79 3h 
70 2mnop 
74 5ijk 
67 4pqrst 
I15 9abcd 
72 6jklm 
65 8stuv 
69 8mnopq 
59 2zaa 
114 7bcd 
68 9nopqr 
62 7wxy 
66 9qrstu 
54 7bbc 
29 
Plant dry 
weight (g) 
25 34f 
14 24xyz 
12 55CC 
13 73zaa 
10 42ee 
26 63e 
15 54tu 
13 74zaa 
I4 45wxy 
11 36dd 
27 27cd 
16 34pqr 
14 89v\v 
15 68stu 
12 67bbc 
27 66abc 
18 42ijk 
16 87mnqp 
18 I6jk 
15 02VW 
27 65abc 
i 7 461m 
I5 84rst 
16 97mn 
13 86yz 
28 24a 
20 49g 
18 481J 
I9 27h 
16 56nopq 
26 81de 
15 84rst 
14 22xyz 
15 23UV 
12 37CC 
28 06ab 
19 12h 
17 441m 
18 26ijk 
15 55tu 
27 96ab 
19 96g 
17 86kl 
18 83hi 
16 17qrs 
27 66abc 
17 93jkl 
16 37opqr 
17 461m 
14 65v\vx 
27 54bc 
16 94mno 
15 i6uv 
16 25qrs 
13 24aab 
0 59 
No of 
nodules per 
root system 
8r 
2s 
2s 
2s 
Os 
51a 
19ijklm 
15mnop 
nklmno 
9qr 
51a 
18jklmn 
ISjkImn 
161mnop 
13opq 
54a 
23efghi 
24efgh 
25defg 
17klmno 
50a 
I9ijklm 
20hijkl 
ISjklmn 
l4nop 
52a 
30bc 
32b 
29bcd 
24efgh 
52a 
nklmno 
nklmno 
ISmnop 
12pqr 
51a 
25defg 
26cdef 
26edef 
19ijklm 
53a 
27cde 
29bcd 
26cdef 
21ghijk 
50a 
21ghijk 
22fghij 
23efghi 
161mnop 
51a 
20hi|kl 
21ghijk 
20hijkl 
ISmnop 
4 
C= control, H= Heterodera cajam, M= Mehidogyne incognita, F= Fusanum udum 
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Fig. 10 Effects of 9 isolates of Bacillus and Pseudomonas (isolated in 2006) in the 
presence of Rhizobium on cyst formation, galling and wilting of pigeon pea plants 
simultaneously inoculated with pathogens under pot condition. 
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of pigeon pea. Therefore, these 2 isolates with Rhizobium were tested under field 
condition for the management of wilt disease complex. 
2 E. Effects of Bacillus (B 615), Pseudomonas (Pf 605) (isolated in 2006) and 
Rhizobium on the growth and wilt disease complex of pigeon pea under field 
condition. 
Effect of Bacillus (B615), Pseudomonas (Pf605) and Rhizobium were studied alone and 
in combination on individual pathogen {H. cajani / M. incognita or F. udurri) under field 
condition (Table 22). Inoculation of these isolates alone to plants without pathogen 
increase plant growth and yield. Inoculation of Rhizobium caused a greater increase in 
plant growth and yield than Pf 605 while growth and yield obtained with B 615 was also 
almost similar to that caused by Rhizobium. Isolate Pf 605 was least effective in 
increasing growth in plants without pathogens. Inoculation B 615 with Rhizobium plus Pf 
605 together showed best result in increasing plant growth while increase in plant growth 
by Rhizobium plus B 615 was almost similar to that caused by Rhizobium plus Pf 605. 
Inoculation of B 615, Pf 605 and Rhizobium against pathogen caused a greater 
increase in plant growth compared to plants with pathogens alone. When Rhizobium, B 
615 and Pf 605 were inoculated singly against M. incognita, Rhizobium was best in 
increasing plant yield followed by B 615 and Pf 605. Inoculation of Pf 605 against H. 
cajani caused a higher increase in yield while yield increase caused by Rhizobium was 
almost similar to B 615. Inoculation of Rhizobium against F. udum resulted in a greater 
increase in yield followed by B 615 and Pf 605. Inoculation of Rhizobium plus B 615 and 
Pf 605 together caused maximum increase in yield against plants with pathogen followed 
by Rhizobium plus B 615 and Rhizobium plus Pf 605. 
Table 22. Effects of Bacillus (B 615) and Pseudomonas (Pf 605) (isolated In 2006) 
and Rhizobium sp. on the growth and yield of pigeon pea in plants inoculated with 
pathogens singly under field condition. 
Treatments 
Control 
(C) 
Rhizobium 
(R) 
B615 
Pf605 
R+B615 
R+Pf605 
R+B615+ 
Pf605 
C 
M 
H 
F 
C 
M 
H 
F 
C 
M 
H 
r 
c 
M 
H 
r 
c 
M 
H 
r 
c 
M 
H 
F 
C 
M 
H 
F 
L S D p=0 05 
Plant 
length 
(cm) 
246 6e 
186 8kl 
I77 6n 
168 70 
261 3bc 
192 7.1 
185 61 
175 8n 
259 3c 
203 2gh 
195 61 
185 71 
256 3d 
192 4] 
200 6h 
182 Im 
263 7ab 
206 2g 
198 3hi 
188 6k 
261 8bc 
204 9g 
196 71 
186 9kl 
266 4a 
210 8f 
204 7g 
194 5ij 
2 8 
Plant 
fresh 
weight 
(g) 
440 3f 
335 7pq 
318 8s 
303 4u 
469 led 
347 4n 
333 5q 
314 6t 
466 7d 
365 3j 
3517m 
333 2q 
461 3e 
345 5n 
360 5k 
327 2r 
473 lb 
371 2h 
356 41 
339 10 
471 2bc 
368 41 
353 6m 
336 7op 
480 6a 
379 8g 
369 5hi 
3516m 
25 
Plant 
do' 
weight 
(g) 
140 35f 
108 06m 
102 22c) 
96 81t 
149 42b 
110 75| 
106 65n 
100 18s 
148 32c 
116 79g 
101 46r 
106 71n 
146 60e 
11075] 
115 24h 
104 90p 
147 23d 
116 46g 
111271 
105 46o 
147 15d 
105 28o 
110 26k 
105 12o 
150 08a 
118 27g 
115 46h 
109 671 
041 
No of 
pods/plant 
165cd 
117no 
IlOp 
lOlq 
175ab 
137ghi 
1271m 
115op 
169bc 
143fg 
130jkl 
117no 
168c 
122mn 
136hij 
109p 
179a 
153e 
142fgh 
1281m 
178a 
150e 
136hij 
122mn 
181a 
160d 
147ef 
I34ijk 
6 
Grain 
weight/plant 
(g) 
145 6d 
103 5m 
97 8n 
90 8o 
157 Sab 
123 4h 
1119k 
104 6m 
148 8c 
116 2j 
111 4k 
103 5m 
147 2cd 
108 21 
113 Ik 
99 8n 
157 4ab 
134 4f 
124 6h 
112 4k 
156 4b 
132 If 
11981 
107 61 
159 8a 
140 3e 
129 6g 
117 21 
24 
No of 
nodules 
per root 
system 
19k 
111m 
81m 
71m 
81c 
51efg 
45hii 
40) 
23k 
131 
101m 
91m 
22k 
lOlm 
121m 
91m 
85ab 
56de 
50fgh 
45hij 
83ab 
52defg 
47ghi 
42ij 
87a 
58d 
54def 
47ghi 
5 
C= control, H= Heterodera cajani, M= Meloidogyne incognita, F= Fusanum udum 
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Fig 11 Effects of B 616 and Pf 605 (isolated in 2006) in the presence ofRhizobium on 
cyst formation, galling and wilting of pigeon pea plants inoculated with single pathogen 
under field condition 
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Inoculation of B 615 caused a higher reduction in galling and cysts per root 
system followed by Rhizobium and Pf 605 (Fig. 11). Maximum reduction in galling and 
cysts formation was observed where all the three isolates were inoculated together. 
Wilting index was 3 when F. udum was inoculated alone. Use of any single isolate 
reduced wilting index to 2 while combined inoculation of these isolates reduced wilting 
to 1 (Fig 11). 
Use oi Rhizobium, B615 and Pf605 to plants with combined pathogens resulted in 
increase in plant growth, number of pods per plant and grain weight per plant (Table 23). 
When Rhizobium, Pf 605, and B 615 were inoculated against M. incognita plus H. cajani, 
Rhizobium resulted in a similar increase in yield to that caused by B 615 while Pf 605 
was least effective. Moreover, inoculation of Rhizobium against M. incognita plus F. 
udum and H. cajani plus F. udum resulted in a greater increase in yield followed by B 
615 and Pf 605. Inoculation of B 615 against combined inoculation of all the three 
pathogens (//. cajani plus M. incognita plus F. udum) caused a greater increase in plant 
growth and yield followed by Rhizobium and Pf 605. Combined use of all the three 
isolates {Rhizobium plus B 615 and Pf 605) caused maximum increase in plant growth 
and yield followed by Rhizobium plus B 615 and Rhizobium plus Pf 605. Nodulation was 
high in plants inoculated with Rhizobium while pathogens had an adverse effect on 
nodulation. B 615 and Pf 605 had no effect on nodulation (Table 23). 
Greater reduction in galling was observed where plants with M. incognita were 
inoculated with B 615 followed by Rhizobium and Pf 605 (Fig. 12). Inoculation of all the 
three isolates together caused maximum reduction in galling followed by Rhizobium plus 
B 615 and Rhizobium plus Pf 605. Maximum reduction in cysts per root system was 
Tabic 23 Effects of Bacillus (B 615) and Pseudomonas (Pf 605) (isolated in 2006) and 
Rhizobium sp on the growth and yield of pigeon pea in plants inoculated \vith pathogens 
simultaneously under field condition. 
1 reatments 
Control 
(C) 
Rhizobium 
(R) 
B615 
Pf605 
R+B615 
R+Pf605 
R+B615+ 
Pf605 
L S D p = 
C 
MH 
Mr 
Hr 
IIMF 
C 
MH 
MF 
HP 
HMr 
C 
MH 
MF 
HF 
HMF 
C 
MH 
MF 
HF 
HMF 
C 
MH 
MF 
HF 
HMF 
C 
MH 
MF 
HF 
HMF 
C 
MH 
MF 
HP 
HMF 
0 05 
Plant 
length 
(cm) 
246 6d 
147 6r 
141 2s 
135 9t 
123 4u 
261 3ab 
169 4jkl 
166 91 
163 4mn 
157 9p 
259 3b 
175 2fgh 
171 3ij 
168 4U 
160 3op 
256 3c 
171 6ij 
167 7kl 
163 9m 
154 7q 
263 7b 
178 5f 
174 6gh 
171 3ij 
163 4mn 
261 Sab 
176 2fg 
172 8hi 
169 6jk 
161 Ino 
266 4a 
183 6e 
180 4f 
177 5fg 
170 6ij 
2 6 
Plant 
fresh 
weight 
(g) 
440 3f 
265 8x 
253 8y 
245 3z 
221 8aa 
469 led 
304 8pq 
299 7s 
293 6tu 
283 8\ 
466 7d 
315 6u 
308 7no 
303 4qr 
387 7g 
461 3e 
308 4no 
301 3rs 
294 2t 
278 6w 
473 lb 
320 6j 
314 21m 
308 lop 
293 7tu 
471 2bc 
317 7jk 
311 6mn 
305 7opq 
290 4u 
480 6a 
331 2h 
325 61 
320 2j 
307 6op 
33 
Plant 
dr> 
weight 
(g) 
140 35f 
85 16w 
81 27x 
78 27> 
70 90z 
149 42b 
96 90mn 
94 95p 
93 lOr 
90 54u 
148 32c 
100 461 
98 40kl 
96 75mn 
91 90s 
146 60e 
98 72jk 
96 65no 
93 84q 
89 lOv 
147 23d 
100 251 
98 101 
96 150 
91 28t 
147 2de 
99 12J 
97 27m 
95 21p 
90 55u 
150 08a 
103 40g 
101 46h 
100 061 
96 45no 
0 57 
No of 
pods/plant 
165c 
91jkl 
83nop 
77q 
62s 
175c 
104gh 
99hi 
861mn 
79opq 
169c 
104gh 
94ijk 
871mn 
78pq 
168c 
96ij 
881mn 
84mno 
70r 
179ab 
116e 
107f8 
102gh 
89klm 
178ab 
l lOef 
99hi 
95 ij 
83 nop 
181a 
122d 
113e 
107fg 
951.1 
5 
Grain 
weight/plant 
(g) 
145 6d 
82 7m 
76 2op 
70 8s 
56 6u 
157 Sab 
94 2hi 
88 Ijk 
78 Sn 
71 9rs 
148 8c 
93 6i 
S5 7kl 
77 9no 
72 5qrs 
147 2cd 
88 7j 
S3 21m 
74 6pq 
67 9t 
157 4ab 
102 Sf 
94 6h 
89 6| 
78 2no 
156 4b 
96 4h 
87 2|k 
83 41m 
73 4qr 
159 8a 
107 6e 
99 2g 
94 6h 
83 71m 
2 5 
No of 
nodules 
per root 
system 
19k 
61m 
41m 
41m 
2m 
81a 
35efg 
30hi 
28i 
25j 
23jk 
71 
61m 
61m 
41m 
22k 
71 
61m 
51m 
31m 
85a 
39cde 
37defg 
34fgh 
30hi 
83ab 
36defg 
33gh 
30hi 
2711 
87a 
42c 
40cd 
40cd 
38cdef 
4 
C= control, H= Heteiodera cajani, M= Meloidogyne incognita, F= Fusanum udum 
HM DHF DHMF 
R+Pf605 R*B615+Pf605 
HM QMFBHMF 
R+B615+Pf605 
-HP MF —fi—HMF 
Pf605 R*B615 
Treatmnets 
R+PI605 R+B615tPf505 
Fig. 12 Effects of B 616 and Pf 605 (isolated in 2006) in the presence oiRhizobium on 
cyst formation, galling and wilting of pigeon pea plants simultaneously inoculated with 
pathogens under field condition. 
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caused by B 615 followed by Pf 605 and Rhizobium. Willing index was 5 when all the 
three pathogens were inoculated together. Index was 4 when F. udum was inoculated 
with one species of nematode. Reduction in wilting index was similar in plants inoculated 
with Rhizobium / B 615 or Pf 605. Maximum reduction in willing index recorded when 
all these isolates were inoculated together. Inoculation of Rhizobium plus B 615 or 
Rhizobium plus Pf 605 caused a similar reduction in wilting index which was greater than 
by individual inoculation of these isolates but lesser than wilting index obtained by all the 
tliree isolates together (Fig 12). 
3. Rhizobacteria isolated in 2007 
Forty three isolates of rhizobacteria belonging to fluorescent pseudomonads and Bacillus 
spp. were isolated from pathogen suppressive soils. After Gram staining, Pseudomonas 
and Bacillus identifications were confirmed by growing on King's B medium and Casein 
agar glucose (CAG) medium respectively. Tests for Bacillus showed positive results for 
growth at 45 °C, pH 5.7 and starch hydrolysis, catalase test, endospore staining while 
negative for growth in 7% NaCl and citrate utilization (Table 24). However, 11 isolates 
(B 706, B 713, B 714, B 715, B 721, B 722, B 730, B 733, B 734, B 735 and B 739) were 
positive for utilization of citrate. Comparison of these tests with Bergey's Manual of 
Determinative Bacteriology these 23 isolates may belong to B. coagulans, B. circulans, 
B. macerans and B. cereus (Table 24). On the otherhand, green fluorescence of 
Pseudomonas was very clear on King's B medium (Table 25). The characteristic tests for 
identification of Pseudomonas showed that 2 isolates (Pa 711, and Pa 737) were positive 
for gelatin liquefaction, catalase and growth at 41 °C while negative for levan formation, 
starch hydrolysis and growth at 4 °C thus identified as Pseudomonas aeruginosa (Pa). 
Table 24. Characteristic test for identification of Bacillus isolates (isolated in 2007). 
Isolates 
B702 
B706 
B707 
B713 
B714 
B715 
B720 
B721 
B722 
B723 
B724 
B727 
B728 
B729 
B730 
B731 
B732 
B733 
B734 
B735 
B738 
B739 
B742 
Gram 
staining 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
GroNrth. 
onCAG 
medium 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
4 
+ 
+ 
+ 
+ 
+ 
Starch 
hydrolysis 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-\ 
4 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth 
in 7% 
NaCl 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Endospore 
staining 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth 
at 45''C 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth at 
pH5 7 
+ 
+ 
4 
4 
+ 
4 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Catalase 
test 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Utilization 
of citrate 
-
+ 
-
+ 
+ 
+ 
-
+ 
+ 
-
-
-
-
-
+ 
-
-
+ 
+ 
+ 
-
+ 
-
Table 25. Characteristic tests for identification of Pseudomonas isolates (isolated in 2007). 
Isolates 
P701 
P703 
P704 
P705 
P708 
P709 
P710 
Pa711 
P712 
Pf716 
P717 
Pf718 
Pf719 
P725 
P726 
Pf736 
Pa737 
Pf740 
P741 
P743 
Gram 
reaction 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Growth 
on 
King's B 
medium 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Starch 
hydrolysis 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Levan 
formation 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
Growth 
at4rc 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
-
+ 
-
-
+ 
+ 
-
+ 
-
+ 
+ 
Growth 
at4°C 
-
-
-
+ 
-
-
-
-
-
+ 
-
+ 
+ 
-
-
+ 
-
+ 
-
-
Catalase 
test 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Gelatin 
liquefaction 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Only 5 isolates (Pf 716, Pf 718, Pf 719, Pf 736 and Pf 740) showing different behavior 
with positive levan formation, gelatin liquefaction, growth at 4 °C and catalase test while 
negative for starch hydrolysis and growth at 41 "C and were identified as Pseudomonas 
fluorescens (Pf). Remaining 13 isolates may belong to some other species of 
Pseudomonas and need further characterization (Table 25). 
3A. Effects on colonization of roots and hatcliing and penetration of nematodes 
All the 20 isolates of Pseudomonas caused an adverse effect on the hatching of M. 
incognita and penetration of M. incognita and H. cajani in pigeon pea roots (Table 26). 
Isolate Pa737 caused a greater inliibitory effect (93%) on the hatching of M incognita 
followed by Pf736 (87%), Pf719 (84%) and Pf718 (79%). Isolate P708 was the least 
effective (28%) in the inhibition of hatching of M. incognita. Similarly, isolate Pa737 
caused greater adverse effect (93% and 91%) on the penetration of M incognita and H. 
cajani in the roots followed by Pf736, Pf719 and Pf718. Again, isolate P708 was least 
effective in inhibiting the penetration of both the nematodes in the roots. All the 20 
isolates of Pseudomonas were tested for their antifungal activity against F. udum in dual 
inoculation test. Only 8 isolates of Pseudomonas (Pf705, P710, Pf718, Pf7I9, P725, 
Pf736, Pa737 and Pf740) showed antifungal activity while the remaining 12 isolates had 
no antifungal effect against F. udum. All the 20 isolates of Pseudomonas colonized 
pigeon pea roots but colonization of root by different isolates was variable. Maximum 
colonization of pigeon pea roots was caused by Pa737 followed by Pf 736 and Pf 740. 
However, isolates P701 caused minimum colonization of pigeon pea roots. Colonization 
of root by Pseudomonas isolates varied from 1.2x10'' to 2.3x10''CPU/ g root (Table 26). 
Table 26. Effect of Pseiidomonas isolates (isolated in 2007) on the hatching of M 
incognita, penetration of M. incognita and H. cajani, antifungal activity against F. udiim 
and colonization of pigeon pea roots. 
Isolates 
DDW 
P701 
P703 
P704 
Pf705 
P708 
P709 
P710 
Pa711 
P712 
Pf716 
P717 
Pf718 
Pf719 
P725 
P726 
Pn36 
Pa737 
Pf740 
P741 
P743 
L.S.D. 
P=0.05 
No. of M 
incognita 
hatched 
414a 
266cd 
146i 
260d 
1081 
296b 
190f 
112kl 
170h 
168h 
272c 
178g 
86m 
64o 
116k 
220e 
52p 
26q 
72n 
214e 
124j 
7 
Antifungal 
activity of 
rhizobacteria 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Root 
colonization 
(CFU/ g root) 
___ 
1.2x10' 
1.8x10' 
1.7x10' 
1.6x10' 
1.3x10' 
1.4x10' 
1.8x10' 
1.4x10' 
1.6x10' 
1.8x10' 
1.9x10' 
1.7x10' 
1.9x10' 
1.8x10' 
1.6x10' 
' 2.1x10' 
2.3x10' 
2.0x10' 
1.7x10' 
1.7x10' 
No. of M 
incognita 
penetrated 
30a 
20bc 
llefg 
19bc 
8ghi 
22b 
14de 
8ghi 
12defg 
12defg 
20bc 
13def 
6hij 
6hij 
8ghi 
16cd 
4ij 
2j 
5hij 
16cd 
9fgh 
4 
No. of//. 
cajani 
penetrated 
36a 
22bc 
13efghi 
21 bed 
llfghij 
24b 
15efg 
lOghijk 
14efgh 
Mefgh 
22bc 
16def 
9hijk 
8ijkl 
lOghijk 
17cde 
5kl 
31 
7jkl 
IScde 
llfghij 
5 
88 
All 23 isolates of Bacillus caused an adverse effect on the hatching of M 
incognita and penetration of M. incognita and H. cajani in pigeon pea roots (Table 27). 
Isolate B739 caused maximum inliibition in the hatching of M incognita followed by 
B731, B742, B727, B706, and B722. Isolate B720 was least effective in the inhibition of 
hatching of M incognita. Isolate B739 caused a greater adverse effect on the penetration 
of M incognita followed by B731. Isolates B722, B724 and B727 caused almost similar 
effect on penetration of M. incognita and H. cajani but less effective than B731 and 
B742. Out of 23 isolates tested for their antifungal activity, only 10 isolates (B722, B723, 
B724, B727, B728, B729, B731, B732, B739 and B742) showed antifungal activity 
against F. udum. All the 23 isolates of Bacillus colonized pigeon pea roots but 
colonization of roots by different isolates was variable. Isolate B723 caused maximum 
colonization followed by isolates B 724. Isolate B724 and B729, B730, B739, B742 
caused almost similar colonization of pigeon pea roots (Table 27). 
3B. Effects on seedling growth, phosphate solubilization, lAA and HCN production 
All the 20 isolates of Pseudomonas caused a significant increase in the growth of pigeon 
pea seedling (Table 28). Maximum increase in the seedling growth was caused by P 708 
followed by Pa 711 and Pf 736. However, minimum increase in the seedling growth was 
caused by P 725. All the 20 isolates of Pseudomonas caused phosphate solubilization. 
Maximum phosphate solubilization was caused by Pf 716 followed by Pf 736, P 701 and 
Pa 737. Least phosphate solubilization was caused by P 704. All the 20 isolates also 
caused lAA production. Maximum lAA production was shown by Pa 711 followed by P 
708 and Pf 736. However, least lAA production was obtained from P 709. All the 20 
isolates of Pseudomonas showed HCN production. Isolates P 708, Pa 711 and Pf 736 
Table 27. Effect of Bacillus isolates (isolated in 2007) on the hatching of M. incognita, 
penetration of M. incognita and H. cajani, antifungal activity against F. udum and 
colonization of pigeon pea roots. 
isolates 
DDW 
B702 
B706 
B707 
B713 
B714 
B715 
B720 
B721 
B722 
B723 
B724 
B727 
B728 
B729 
B730 
B731 
B732 
B733 
B734 
B735 
B738 
B739 
B742 
L S D 
P=0 05 
No ofM 
incognita 
hatched 
414a 
120hi 
901mn 
190d 
128h 
208c 
I28h 
272b 
104jk 
96klm 
1I21J 
98kl 
88mn 
llOj 
104jk 
1121J 
82n 
I42g 
172e 
I68e 
196d 
154f 
66o 
88mn 
8 
Antifungal 
activity of 
rhizobacteria 
' 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Root 
colonization 
(CPU/ g root) 
16x10' 
12x10' 
14x10' 
13x10' 
12x10' 
I 4x10' 
17x10' 
1 3x10' 
1 7x10' 
2 0x10' 
19x10' 
1 8x10' 
16x10' 
19x10' 
19x10' 
1 8x10' 
1 3x10' 
12x10' 
1 1x10' 
14x10' 
1 5x10' 
1 9x10' 
19x10' 
No ofM 
incognita 
penetrated 
30a 
9efghi 
7ghi 
14cd 
9efghi 
15c 
9efghi 
20b 
8fghi 
7ghi 
8fghi 
7ghi 
7ghi 
8fghi 
7ghi 
8fghi 
6hi 
lOdfegh 
13cde 
12cdef 
14cd 
11 cdefg 
5i 
6hi 
4 
No of// 
cajani 
penetrated 
36a 
lOefg 
8gh 
16c 
lOefg 
16c 
12def 
22b 
lOefg 
9fgh 
9fgh 
9fgh 
lOefg 
9fgh 
8gh 
9fgh 
7gh 
12def 
15cd 
14cd 
16c 
13cde 
6h 
8gh 
3 
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showed high production of HCN. Ten isolates showed moderate HCN production while 7 
isolates caused low production of HCN (Table 28). 
All the 23 isolates of Bacillus caused a significant increase in the growth of 
pigeon pea seedling (Table 29). Maximum increase in the seedling growth was caused by 
B 713 followed by B 706 and B 742. However, minimum increase in the seedling growth 
was caused by isolate B 723. All the 23 isolates of Bacillus caused phosphate 
solubilization. Maximum phosphate solubilization was caused by B 728 and B 738. 
However, least solubilization of phosphate was caused by B 724. All the 23 isolates also 
caused lAA production. Maximum lAA production was shown by B 742 followed B 707 
and B 739. However, least lAA production was obtained from B 733 (Table 2(f). 
Eight isolates of Bacillus and Pseudomonas (B731, B742, B739, B727, Pa737, 
Pf736, Pf718 and Pf719) were selected for the pot experiment on the basis of antifungal 
activity, high adverse effect on hatching and penetration of nematodes. These isolates 
also caused increase in seedling growth, phosphate solubilization, lAA and HCN 
production. 
3C. Effects of 8 isolates of Bacillus and Pseudomonas (isolated in 2007) on the 
growth and wilt diseases complex of pigeonpea under pot condition. 
Inoculation of M incognita, H. cajani and F. udum singly caused a significant reduction 
in plant growth over uninocuated control (Table 30). Fusarium udum caused a greater 
reduction in plant growth followed by H. cajani and M. incognita. Four isolates of 
Bacillus (B731, B742, B739, and B727) and four isolates of Pseudomonas (Pa737, 
Pf736, Pf718 and Pf719) caused an increase in plant growth of both pathogen inoculated 
and uninoculated control plants. Isolate Pf 736 caused a higher increase in the growth of 
Table 28. Effect of Pseudomonas isolates (isolated in 2007) on seedling 
growth of pigeon pea. Solubilization of inorganic phosphate, production of 
indole acetic acid (lAA) and hydrogen cyanide (HCN) by these 
rhizobacteria. 
Isolates 
Control 
P701 
P703 
P704 
Pf705 
P708 
P709 
P710 
Pa711 
P7I2 
Pf716 
P717 
Pf718 
Pf719 
P725 
P726 
Pf736 
Pa737 
Pf740 
P741 
P743 
L.S.D.p=0.05 
lAA 
production 
(Hg/ml) 
— 
5.75i 
5.50ij 
7.50fg 
7.25gh 
10.75b 
5.00J 
9.25c 
11.75a 
8.25de 
8.50de 
5.25ij 
5.50ij 
6.75h 
8.50de 
8.50de 
10.25b 
5.50ij 
S.OOef 
8.75cd 
7.25gh 
HCN 
production* 
— 
+ 
c 
+ 
c 
+ 
c b" 
+ 
a + 
c 
+ 
c 
a 
b" 
b^ 
b^ 
b^ 
+ 
c 
c 
b^ 
+ 
a 
b^ 
b" 
b" 
b^ 
0.52 1 
Phosphate 
solubilization 
(Hg/ml) 
— 
51.0c 
35.5fg 
15.50 
20.0m 
18.5mn 
17.5n 
33.0ij 
24,01 
42.5e 
57.5a 
35.0gh 
29.5k 
31.5J 
37.0f 
37.0f 
55.5b 
49.5c 
46,0d 
33.0ij 
33.5hi 
1.9 
In-vitro 
seedling 
growth(cm) 
3.22J 
4.98i 
8.58f 
9.46e 
10.04de 
14.23a 
9.44e 
11.74c 
13.64ab 
7.32g 
lO.OSde 
6.24h 
5.94h 
6.64gh 
4.60i 
4.80i 
13.22b 
8.16f 
10.58d 
10.38d 
8.42f 
0.76 
c^  = Light 
b ' = Dark 
a^  = Oranfi 
brown 
brown 
;e-brown 
Table 29. Effects of Bacillus isolates (isolated in 2007) on seedling 
growth of pigeon pea. Solubilization of inorganic phosphate and 
production of indole acetic acid (lAA) by these rhizobacteria. 
Isolataj 
Control 
B702 
B706 
B707 
B713 
B714 
B715 
B720 
B721 
B722 
B723 
B724 
B727 
B728 
B729 
B730 
B731 
B732 
B733 
B734 
B735 
B738 
B739 
B742 
L.S.D.p=0.05 
lAA 
production 
(Hg/ml) 
— 
3.001 
lO.OOe 
12.25b 
11.50c 
10.75d 
2.751 
1.50n 
1.25no 
lO.OOe 
3.001 
2.25m 
3.50k 
3.50k 
4.75i 
3.50k 
3.75J 
5.50h 
l.OOo 
7.25g 
7.75f 
1.25no 
12.25b 
14.00a 
0.45 
Phosphate 
solubilization 
(Hg/ml) 
— 
23.Of 
22.5f 
15.5hi 
24.5f 
32.5d 
18.5g 
29.5e 
17.5gh 
35.5c 
24.5f 
14.5i 
19.0g 
47.0a 
41.0b 
23.0f 
18.0g 
24.5f 
41.5b 
35.0c 
18.5g 
47.0a 
45.0b 
35.5c 
2.3 
In-vitro 
seedling 
growth 
(cm) 
3.221 
6.56defgh 
10.22ab 
9.22bc 
10.68a 
8.92c 
7.30de 
6.16fghi 
7.32de 
8.98c 
4.50k 
6.92defg 
5.64hij 
5.80ghij 
6.12fghi 
5.50hijk 
5.30ijk 
6.50efgh 
6.06fghi 
7.67d 
7.12def 
4.88jk 
9.16bc 
9.36bc 
1.12 
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pathogen inoculated plants followed by B 739. Minimum increase in the growth of 
pathogen inoculated plants was caused by B 727. All the three pathogens adversely 
affected the nodulation. Inoculation of Bacillus and Pseudomonas isolates had no effect 
on nodulation. 
Inoculation of these isolates to plants inoculated with pathogens reduced galling, 
cysts formation and wilting index (Fig. 13). Isolate Pf736 caused maximum reduction in 
galling and cysts per rot system followed by B739, B731, Pa737 and Pf718, PF 719, 
B742 and B 727. Wihing index was recorded 3 in plants inoculated with F. udum. Index 
was reduced to 2 when F. udum inoculated plants were treated with B 731, B 739, Pf 736 
and Pf 718. However, isolates B 742, B 727, Pa 737 and Pf 719 had no effect on wilting 
(Fig. 13). 
Effect of 8 isolates of Bacillus and Pseudomonas were studied to plants 
simultaneously inoculated with M. incognita, H. cajani, and F. udum (Table 31). 
Simultaneous inoculation of pathogens caused a significant reduction in plant growth 
over uninoculated control. Inoculation of H. cajani plus F. udum resulted in a greater 
reduction in plant growth followed by inoculation of M. incognita plus F. udum. 
Inoculation of H. cajani plus M. incognita caused a lesser reduction in plant growth 
compared to plants inoculated wit F. udum plus M. incognita / H. cajani. Maximum 
reduction in plant growth was observed when all the three pathogens were inoculated 
simultaneously. Isolates of Pseudomonas and Bacillus caused a significant increase in the 
growth of plants inoculated with pathogens and also of uninoculated control. Increase in 
the growth caused by Bacillus and Pseudomonas isolates in the plants with pathogens 
was greater compared to plants without pathogens. Greater increase in the growth of 
Table 30. Effects of 8 isolates of Bacillus and Pseuclomonas (isolated in 2007) 
on the growth and nodulation of pigeon pea in plants inoculated with 
pathogens singly under pot condition 
Treatments 
Control 
(C) 
B731 
B742 
B739 
B727 
Pa737 
Pf736 
Pf718 
Pf719 
LSDp= 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
r 
c 
H 
M 
F 
C 
H 
M 
F 
=0 05 
Plant 
length 
(cm) 
156 2e 
113 8rst 
119 2mno 
108 Iv 
161 Obc 
121 4iklmn 
127 4gh 
115 3pqr 
159 4cde 
117 3opq 
121 6|klm 
110 7tuv 
163 4ab 
123 6ijk 
129 7fg 
117 Sop 
156 7de 
115 9pqr 
120 3klmno 
109 5uv 
160 3bc 
120 0lmno 
126 4hi 
114 3qrs 
166 4a 
126 6ghi 
132 5f 
120 4klmno 
159 8cd 
118 3no 
124 6hij 
112 8rst 
159 6cd 
117 2opq 
122 6|kl 
111 6stu 
32 
Plant fresh 
weight (g) 
106 4e 
78 5opq 
80 71mno 
76 8q 
110 6bc 
83 7hi|k 
86 6gh 
81 5klmn 
107 3de 
80 41mno 
82 6|klm 
77 4pq 
112 3b 
83 6hijk 
88 4g 
83 5jkl 
106 8e 
79 4nop 
81 7klmn 
76 8q 
109 6cd 
82 8jkl 
85 6hi 
80 2mno 
116 2a 
85 8h) 
91 7f 
85 9hi 
109 6cd 
81 4klmn 
84 7hij 
79 5nop 
108 3cde 
80 41mno 
83 6hijk 
78 4opq 
24 
Plant dry 
weight (g) 
25 42d 
18 84qrs 
19 26pq 
17 741 
26 35bc 
22 02gh 
22 46g 
19I3pqr 
25 42d 
20 461m 
20 35m 
18 46s 
26 63b 
22 23 gh 
23 06f 
20 04mn 
25 46d 
19 3 Sop 
19 77no 
17 95t 
26 06c 
21 28)k 
22 22gh 
19 06pqr 
27 65a 
21 94h 
23 72e 
20 26m 
26 15c 
20 92|kl 
21 80hi 
18 90pqrs 
26 02c 
20 84kl 
21 36i| 
18 72rs 
0 47 
No of 
nodules per 
root system 
9abcd 
5ef 
4f 
5ef 
9abcd 
4f 
7cdef 
7cdef 
12a 
7cdef 
7cdef 
4f 
8bcde 
6def 
5ef 
6def 
lOabc 
4f 
5ef 
4f 
9abcd 
4f 
5ef 
6def 
Sbcde 
6def 
4f 
5ef 
11a 
9abcd 
Sbcde 
7cdef 
11a 
7cdef 
4f 
5ef 
3 
C= control, H= Heterodera cajam, M= Meloidogyne incognita, F= Fusanum udum 
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Fig 13 Effects of 8 isolates of Bacillus and Pseudomonas (isolated in 2007) on cyst 
formation, galling and wilting of pigeon pea plants inoculated with single pathogen under 
pot condition 
plants inoculated with Pf736 was observed followed by B739, B731, Pa737, Pf718, 
Pf719 and B727. Isolate B742 was again least effective in enliancing plant growth. In 
combined inoculation nodulation was poor in the plants inoculated with pathogens and 
'uninoculated control. Bacillus and Pseudomonas isolates had no effect on nodulation 
(Table 31). 
Inoculation of Pf 736 caused a higher reduction in galling and number of cysts per 
root system followed by B 739, B 731, Pa 737, Pf 718, Pf 719 and B 727 (Fig 14). 
Isolates B 731, B 739, Pf 736 and Pf 718 reduced wilting index in plants inoculated with 
all the three pathogens or inoculated with fungus along with one species of nematode 
(Fig. 14). 
3D. Effects of 8 isolates of Bacillus and Pseudomonas (isolated in 2007) in the 
presences of Rhizobium sp. on the growth and wilt diseases complex of pigeonpea 
under pot condition. 
Application of 8 isolates of Bacillus and Pseudomonas (B731, B742, B739, B727, 
Pa737, Pf736, Pf718 and Pf719) along with Rhizobium were studies on individual 
pathogen (Table 32). Inoculation of pathogen singly caused a significant reduction in 
plant growth over uninoculated control. Inoculation of plants with Rhizobium or Bacillus 
I Pseudomonas isolates caused a significant increase in the growth of plants inoculated 
with pathogens and also of uninoculated control. Rhizobium caused a lesser increase in 
the plant growth than caused by Rhizobium plus Pseudomonas I Bacillus isolates. 
However, increase in the plant growth caused by Pseudomonas / Bacillus or Rhizobium in 
plants inoculated with pathogens was greater compared to plants without pathogens. 
Isolate Pf736 with Rhizobium caused a greater increase in plant growth while use of 
Table 31 Effects of 8 isolates of Bacillus and Pseudoinonas (isolated in 2007) 
on the growth and nodulation of pigeon pea in plants inoculated with 
pathogens simultaneously under pot condition 
Treatments 
Control 
(C) 
B731 
B742 
B739 
B727 
Pa737 
Pf736 
p n i 8 
Pr719 
L S D p 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HP 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HI 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
=0 05 
Plant 
length 
(cm) 
156 2e 
90 4rs 
79 6v 
84 9u 
65 7\ 
161 Obc 
113 8gh 
95 6nop 
101 5! 
85 4u 
I59 4cd 
97 5mn 
88 6t 
93 4pqi 
76 8v 
163 4ab 
115 4fg 
97 4mn 
104 6k 
89 3st 
156 7de 
93 4pqr 
84 2u 
89 3st 
72 6u 
160 3bc 
111 6hi 
94 5nopq 
99 01m 
83 4u 
166 4a 
117 6f 
99 21m 
106 3jk 
94 5nopq 
159 8c 
109 311 
91 8qrs 
96 5mno 
79 3v 
159 6cd 
98 71m 
89 4st 
94 3opq 
77 Ov 
3 0 
Plant 
fresh 
weight (g) 
106 4e 
60 4qr 
53 3v 
57 4tu 
44 6x 
110 6bc 
77 3fg 
64 Snop 
68 6kl 
57 9stu 
107 3de 
65 6mno 
59 4rst 
63 6op 
51 8v 
112 3b 
78 2f 
66 51mn 
70 9jk 
60 8qr 
106 8e 
62 7pq 
56 3u 
59 6rst 
49 1VV 
109 6cd 
75 4gh 
63 9op 
66 71mn 
56 8u 
116 2a 
79 6f 
67 81m 
72 6ij 
64 4nop 
109 6cd 
74 6hi 
62 7pq 
65 4no 
53 2v 
108 3cde 
66 61mn 
60 4qr 
63 3op 
52 4v 
23 
Plant dry 
weight (g) 
25 42d 
14 06p 
12 37r 
13 54q 
10 26t 
26 35bc 
18 35fg 
15 68|kl 
16381 
14 62no 
25 42d 
15 62ikl 
14 32op 
15 06mn 
I2 42r 
26 63b 
18 65ef 
I6O61J 
17 08h 
15 09m 
25 46d 
15 06mn 
13 42q 
14 09p 
1142s 
26 06c 
18 09g 
15 40klm 
15 84jk 
14 06p 
27 65a 
18 98e 
I6 36i 
17 42h 
15 8qikl 
26 15c 
17 45h 
14 64no 
15 46kl 
13 48q 
26 02c 
15 80jkl 
14 74no 
15 361m 
13 26q 
0 45 
No of 
nodules 
per root 
system 
9abcd 
3fgh. 
3fghi 
2gh. 
Oi 
9abcd 
4efghi 
3fghi 
2ghi 
3fghi 
12a 
4efghi 
2ghi 
2ghi 
Ihi 
Sabcde 
4efghi 
5defgh 
4efghi 
4efghi 
lOabc 
6cdefg 
7bcdef 
4efghi 
2ghi 
9abcd 
4efghi 
3fghi 
2ghi 
4efghi 
8abcde 
3fghi 
2ghi 
3hi 
4efghi 
Uab 
5defgh 
3fgh. 
2ghi 
2ghi 
llab 
7bcdef 
4efghi 
3fghi 
2ghi 
4 
C= control, H= Heierodera cajani, M= Meloidogyne incognita, F= Fusarium iidum 
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Fig. 14 Effects of 8 isolates of Bacillus and Pseudomonas (isolated in 2007) on cyst 
formation, galling and wilting of pigeon pea plants simultaneously inoculated with 
pathogens under pot condition. 
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Rhizobium with B742 the least. Combined use of Pf736 plus Rhizobium and B739 plus 
Rhizobium caused a greater increase in plant growth than use any of the Pseudomonas or 
Bacillus isolates with Rhizobium. Nodulation was high in plants inoculated with 
Rhizobium. Inoculation of single pathogen to plants with Rhizobium had an adverse effect 
on nodulation. Inoculation of Bacillus / Pseudomonas isolates with Rhizobium to plants 
with pathogen increased nodulation compared to plants inoculated with pathogens and 
Rhizobium (Table 32). 
Inoculation of Bacillus, Pseudomonas and Rhizobium had an adverse effect 
galling and cysts per root system (Fig 15). Isolate Pf736 along with Rhizobium caused a 
greater reduction in the number of galls and cysts per plants while B742 with Rhizobium 
was the least effective in reducing galling and cysts per plant. Maximum reduction in 
number of galls and cysts per plant was observed when Pf736 / B739 were used along 
with Rhizobium. Wilting index was 3 when F. udum was inoculated alone. Inoculation of 
Rhizobium alone or use of Rhizobium with B 742 / B 727 / Pa 737 / Pf 719 reduce index 
to 2. Wilting index was recorded 1 when Rhizobium was used with B 731 / B 739 / Pf 736 
or Pf 718 to plants inoculated with F. udum (Fig. 15). 
Combined inoculation of two or all the three pathogens caused a significant 
reduction in plant growth over uninoculated control plants (Table 33). Greatest reduction 
in plant growth was observed when all the three pathogens were inoculated 
simultaneously. Isolates of Bacillus, Pseudomonas and Rhizobium caused a significant 
increase in plant growth when pathogens were inoculated simultaneously and also in 
uninoculated control. Increase in plant growth caused by Rhizobium plus Bacillus or 
Pseudomonas isolates to plants with pathogen was greater compared to plants inoculated 
Table 32. Effects of 8 isolates of Bacillus and Pseiidomonas (isolated in 
2007) in the presence of Rhizobium sp. on the growth and nodulation of 
pigeon pea in plants inoculated with pathogens singly under pot 
condition 
Treatments 
Control 
(C) 
Rhizobium 
(R) 
R+B731 
R+B742 
R+B739 
R+B727 
R+Pa737 
R+Pf736 
R+Pf718 
R+Pf719 
C 
H 
M 
F 
C 
H 
M 
r 
c 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
C 
H 
M 
F 
L S D p=0 05 
Plant 
length 
(cm) 
156 2f 
I13 8st 
119 2qr 
108 lu 
163 2e 
117 Ir 
121 8pq 
110 9tu 
171 5ab 
127 3klm 
133 5ghi 
123 8nop 
167 2cd 
121 4pq 
126 81mn 
116 6rs 
172 2ab 
129 4|kl 
134 3gh 
124 Imnop 
165 4de 
118 6qr 
123 2op 
111 8t 
170 labc 
125 4mno 
132 6hij 
122 Sop 
173 2a 
131 5hij 
136 7g 
125 4mno 
169 2bc 
124 4mnop 
130 5ijk 
121 8pq 
168 6cd 
123 5nop 
129 7jkl 
119 4qr 
33 
Plant fresh 
weight (g) 
106 4d 
78 5pqrs 
80 7mnopqr 
76 8rs 
110 8c 
78 Iqrs 
83 7i]klmn 
75 4s 
116 6ab 
86 4ghijk 
90 8ef 
83 6|klmn 
113 6abc 
82 2klmnop 
85 Shijkl 
79 4opqrs 
117 3a 
87 2fghi] 
90 4efg 
84 4i]klmn 
112 6bc 
80 9mnopqr 
83 6jklmn 
76 1s 
I15 2ab 
85 4hijkl 
90 2efg 
83 4jklmno 
117 2a 
89 3efgh 
93 2e 
84 4ijklmn 
114 8abc 
84 Sijklm 
89 3efgh 
82 6klmnop 
114 5abc 
83 3jklmn 
87 8fghi 
80 6opqr 
4 1 
Plant dry 
weight (g) 
25 42e 
18 84r 
19 26qr 
17 74s 
26 12d 
19 04r 
19 85pq 
18 08s 
27 72a 
23 70gh 
24 02fg 
21 31imn 
27 20ab 
21 15mn 
21 521m 
18 90r 
27 60a 
23 85g 
24 52f 
21 04mn 
26 28cd 
20 Mop 
20 20op 
18 06s 
26 90bc 
22 97ij 
23 06hij 
20 88mn 
27 85a 
23 62ghi 
23 81g 
20 68no 
27 22a 
21 89kl 
22 70j 
20 05op 
27 30ab 
21 85kl 
22 42jk 
19 38qr 
0 66 
No of 
nodules 
per root 
system 
9n 
5n 
4n 
5n 
54a 
27|kl 
32ghi 
221m 
51bc 
38ef 
42de 
32ghi 
51bc 
32ghi 
38ef 
26klm 
54a 
37efg 
42de 
32ghi 
54a 
28jk 
34fgh 
21m 
57a 
35fgh 
42de 
31hi| 
54a 
42de 
46cd 
38ef 
52ab 
37efg 
42de 
31hii 
51bc 
31hij 
36fgh 
221m 
5 
C= control, H= Heterodera cajam, M= Meloidogyne incognita, F= Fusanum udum 
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Fig. 15 Effects of 8 isolates of Bacillus and Pseudomonas (isolated in 2007) in the 
presence of Rhizobium on cyst formation, galling and wilting of pigeon pea plants 
inoculated with single pathogen under pot condition. 
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with Rhizobhim alone. Isolate Pf736 with Rhizobium caused a greater increase in plant 
growth while use of Rhizobium with B742 the least. Use of Rhizobium plus Pf736 or 
Rhizobium plus B739 caused maximum increase in plant growth compared to plants 
inoculated with Rhizobium plus other isolates oiBacillus / Pseudomonas. Nodulation was 
poor in all the plants without Rhizobium and high in plants inoculated with Rhizobium. 
Combined inoculation of pathogen to plants with Rhizobium had adverse effect on 
nodulation. However, inoculation of Bacillus / Pseudomonas isolates with Rhizobium 
increased nodulation (Table 33). 
Rhizobium, Bacillus and Pseudomonas isolates had adverse effect on galling and 
cysts per plant (Fig. 16). Isolate Pf 736 with Rhizobium caused a greater reduction in 
galling and cysts per plant followed by use o^ Rhizobium with B739 / B731 / Pa737 / 
Pf718 / Pf719 / B727 / B742. Wilting index was 4 when F. udum was inoculated with 
root-knot or cyst nematode. Indices were reduced to 2 and 3 in plants with F. udum plus 
H. cajani or M. incognita was treated with Rhizobium together with Bacillus / 
Pseudomonas isolates. Combined inoculation with F. udum with both the nematodes had 
the wilting index 5. Indices were dropped from 3 to 4 with inoculation oi Rhizobium plus 
Bacillus / Pseudomonas isolates (Fig. 16). 
Above experiments revealed that out of 8 isolates tested, B 739 and Pf 736 were 
best in increasing plant growth for the management of wilt disease complex of pigeon 
pea. Therefore, these 2 isolates with Rhizobium were tested under field condition for the 
management of wilt disease complex of pigeon pea. 
Table 33 Effects of 8 isolates o{Bacillus and Pseudomonas (isolated in 2007) in the presence of 
Rhizobmm sp on the growth and nodulation of pigeon pea in plants inoculated \Mth pathogens 
simultaneousl) under pot condition 
Treatments 
Control 
(C) 
Rhizobmm 
(R) 
R+B731 
R+B742 
R+B739 
R+B27 
R+Pa737 
R+Pf736 
R+Pf718 
R+Pf719 
L S D p = 
C 
HM 
HF 
Mr 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
C 
HM 
HF 
MF 
HMF 
0 05 
Plant length 
(cm) 
156 2g 
90 4x 
79 6dde 
84 9aabc 
65 7hh 
163 2f 
94 3tuv 
83 7bbc 
88 6xyz 
70 7gg 
171 5abc 
1116) 
99 4opqr 
106 41m 
93 5uv\v 
167 2de 
100 4opq 
91 5v\vx 
97 2rst 
79 5dde 
172 2ab 
11521 
102 2no 
108 4kl 
97 6qrs 
165 4ef 
96 2stu 
86 8yzaa 
9I2VVX 
74 6ff 
170 1 bed 
108 8|kl 
97 6qrs 
103 9mn 
89 7xy 
173 2a 
119 9h 
104 2mn 
110 3jk 
101 5nop 
169 2cd 
105 4m 
95 8stu 
101 4nop 
85 7zaab 
168 6cd 
102 8no 
93 5uvw 
99 2pqr 
82 Seed 
2 9 
Plant fresh 
weight (g) 
106 4d 
60 4rsl 
53 3\vx 
54 7w 
44 6z 
110 8c 
63 9opqr 
56 4uv 
59 8stu 
48 Oyz 
116 6a 
75 6fg 
67 41mno 
72 7ghiik 
63 7pqr 
113 6abc 
67 61mno 
61 9qrst 
65 5nopq 
53 6\vx 
1173a 
78 6ef 
69 5jklm 
73 2ghi) 
66 6mnop 
112 6bc 
65 4nopq 
58 8tuv 
62 4qrst 
50 8xy 
115 2ab 
74 Ifghi 
66 81mnop 
70 4ijklm 
60 3rst 
1172a 
81 5e 
70 6i)kl 
75 4fgh 
69 Sjklm 
114 8ab 
71 7hijk 
64 6opq 
68 9klmn 
58 6tuv 
114 5abc 
69 4jklm 
63 6pqrs 
67 81mno 
55 4vw 
3 8 
Plant dry 
weight (g) 
25 42e 
14 06s 
12 37UV 
13 54sl 
I0 26x 
26 12d 
15 22pqr 
13 41st 
14 09s 
11 lOw 
27 72a 
I8 87gh 
17 121mn 
17 9011 
15 08qr 
27 20ab 
16 66mn 
14 80r 
15 90op 
13 02tu 
27 60a 
L 19 50fg 
17 42jkl 
18 51hi 
15 76pq 
26 28cd 
15 26pqr 
13 89s 
14 90r 
12 03v 
26 90bc 
I8IO1J 
16 52no 
17 84ijk 
14 90r 
27 85a 
19 58f 
17 66)kl 
18 45hi 
15 69pq 
27 22ab 
17 67jkl 
15 60pq 
16 64mn 
13 92s 
27 30ab 
17 21klm 
15 29pq 
16 52no 
13 60st 
0 68 
No of 
nodules per 
root system 
9pq 
3r 
3r 
2r 
Or 
54ab 
21hijk 
161mno 
18klmn 
8q 
51b 
25efgh 
24fghi 
2Ihijk 
ISklmn 
51b 
21hijk 
23ghi| 
21hi)k 
15mno 
54ab 
^ 2 6 d g 
28def 
25efgh 
20ijkl 
54ab 
18klmno 
161mno 
14no 
12opq 
57a 
25efgh 
26efg 
28def 
19jklm 
54ab 
31cd 
33c 
3 led 
23ghij 
52b 
26efg 
28def 
29cde 
20ijkl 
51b 
20ijkl 
21hi)k 
19jklm 
13op 
4 
C= control, H= Heterodera cajam, M= Meloidogyne incognita, F= Fusanum udum 
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Fig. 16 Effects of 8 isolates of Bacillus and Pseudomonas (isolated in 2007) in the 
presence of Rhizobium on cyst formation, galling and wilting of pigeon pea plants 
simultaneously inoculated with pathogens under pot condition. 
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3E. Effects of Bacillus (B739), Pseiidomonas (Pf 736) (isolated in 2007) and 
Rhizobiuin on the growth, yield and wilt diseases complex of pigeonpea under field 
condition. 
Effect of B739 and Pf736 and Rhizobium were studied alone and in combination on 
single pathogen under field condition (Table 34). Inoculation of these isolates to plants 
without pathogens increased plant growth and yield. Inoculation of Rhizobium caused 
maximum increase in plant growth and yield followed by Pf736 and B739. In combined 
inoculation, Rhizobium with Pf736 plus B739 showed best results in increasing plant 
growth while Rhizobium plus Pf736 and Rhizobium plus B739 were almost similar in 
increasing growth and yield. Inoculation of Pf 736 / B 739 or Rhizobium against plants 
with pathogen also caused a significant increase in plant growth and yield. Isolate Pf736 
was best in increasing plant growth against plants inoculated with M. incognita followed 
by B739 and Rhizobium. In case of yield, Rhizobium caused a greater increase in yield 
followed by Pf736 and B739. Inoculation of B 739 against H. cajani caused a greater 
increase in plant growth followed by Rhizobium and Pf736. Isolate Pf736 caused 
maximum increase in plant growth against F. udum followed by B739 and Rhizobium 
while in case of yield, Rhizobium was most effective against F. udum followed by Pf736 
and B739. In combined inoculation all the three isolates together resulted in a greater 
increase in plant growth, number of pods per plant and grain weight per plant followed by 
Rhizobium plus Pf736 and Rhizobium plus B739. Nodulation was high in plants 
inoculated with Rhizobium. Bacillus and Pseudomonas isolates had no effect on 
nodulation but pathogens had an adverse effect nodulation (Table 34). 
Table 34. Effects of Bacillus (B 739) and Pseudomouas (Pf 736) (isolated in 2007) 
and Rhizobium sp. on the growth and yield of pigeon pea in plants inoculated «ith 
pathogens singly under field condition. 
Treatments 
Control 
(C) 
Rhizobium 
(R) 
Pf736 
B739 
R+Pf736 
R+B739 
R+Pf736 
+B739 
L S D p=0 
C 
M 
H 
F 
C 
M 
H 
r 
c 
M 
H 
r 
c 
M 
H 
F 
C 
M 
H 
F 
C 
M 
H 
F 
C 
M 
H 
F 
05 
Plant 
length 
(cm) 
246 4e 
185 30 
I76 8q 
167 8s 
260 4bc 
191 61m 
184 80 
174 7r 
258 2cd 
202 4gh 
194 7jk 
184 60 
255 4d 
i99 6hi 
191 31m 
181 2p 
262 7ab 
205 2g 
197 3ij 
188 6mn 
260 4bc 
203 8g 
195 6jk 
185 8no 
265 4a 
209 8f 
203 7g 
193 4kl 
30 
Plant 
fresh 
weight 
(g) 
439 2e 
334 4n 
3I76p 
302 4r 
468 Obc 
346 21 
332 4n 
313 5q 
464 8c 
364 Ih 
350 4k 
332 Ih 
460 Id 
359 21 
344 31 
326 10 
4717b 
370 5g 
355 2j 
338 4m 
470 1b 
367 4gh 
352 2jk 
335 3mn 
479 2a 
378 5f 
368 3g 
350 2k 
38 
Plant dry 
weight (g) 
139 92d 
107 52IJ 
101 8 1 1 ^ 
96 05m 
148 76ab 
l l0 50g 
106 09jk 
99 761 
I47 76abc 
116 07ef 
101 041 
106 22ik 
145 95c 
114 88f 
110 24gh 
104 45k 
146 90bc 
116 08ef 
110 90g 
105 20k 
146 55bc 
104 90k 
109 65ghi 
104 88k 
149 70a 
I17 85e 
115 08f 
I08 20hij 
2 28 
No of 
pods/plant 
163c 
116no 
109pq 
102r 
173b 
135hi| 
1241m 
113op 
167c 
140gh 
I27kl 
115no 
166c 
I33jk 
I20mn 
106qr 
177ab 
150e 
139ghi 
1251m 
176ab 
147ef 
134ijk 
I20mn 
179a 
I57d 
144fg 
131jk 
5 
Grain 
weight/plant 
(g) 
144 2d 
102 5m 
96 4o _^ 
89 3p 
156 4ab 
122 5h 
110 7k 
103 3m 
147 2c 
115 5) 
1103k 
102 5m 
146 4cd 
1)2 5k 
107 61 
98 8n 
156 4ab 
133 2f 
123 2h 
111611 
155 lb 
131 8f 
1185i 
106 41 
158 4a 
139 3e 
128 3g 
116 41] 
2 2 
No of 
nodules 
per root 
system 
20k 
121 
91mn 
7mn 
84ab 
52de 
45fgh 
39.1 
22k 
121 
81mn 
6n 
20k 
Ulm 
7mn 
Slmn 
87ab 
56cd 
47fg 
401.1 
87ab 
55cd 
48efg 
42hij 
91a 
58c 
49ef 
44ghi 
4 
C= control, H= Heterodera cajam, M= Meloidogyne incognita, F= Fusarium udum 
90 
60 
a 40 
o 30 
20 
10 
W~' 
1 
m 
m 
«# 
A" 
-fr 
%; 
ia^ 
p*i 
wTp 
'.•* 
fixm. 
Axe 
«; 
te' 
B739 
Treatments 
R*B739 R+P(736+B739 
120 
100 
m 80 
<u 6 0 
40 
20 
g. 
fe 
1 ^ 
r^ i 
'im 
iff 
I t " 
4m-
B739 
Treatments 
R*Pf736*B739 
3 5 -r — 
25 
1 5 
05 
f^ . U.gtu>»l 
B739 
Treaments 
Fig 17 Effects of B 739 and Pf 736 (isolated in 2007) in the presence of Rhizobium on 
cyst formation, galling and wilting of pigeon pea plants inoculated with single pathogen 
under field condition 
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Inoculation of Pf 736 caused a greater reduction in galling followed by Rhizobium 
and B 739 (Fig. 17). Isolate Pf736 caused a greater reduction in cysts per root system 
while Rhizobium and B 739 were almost similar in reducing cysts per root system. Use of 
Rhizobium plus B739 plus Pf736 caused maximum reduction in galling and cysts per 
plant followed by Rhizobium plus Pf736 and Rhizobium plus B739. Wilting index was 3 
in plants inoculated with F. udum. Use of single isolate reduced the wilting index to 2 
while combined inoculation of these isolates reduced wilting index to 1 (Fig 17). 
Use of Pf 736, B 739 and Rhizobium in presence of combined pathogens resulted 
in increased plant growth and yield under field condition (Table 35). Inoculation of 
Rhizobium caused a greater increase in plant growth and yield followed by Pf 736 and B 
739. All the three isolates together caused a maximum increase in plant growth and yield 
followed by Rhizobium plus Pf736 and Rhizobium plus B739. Inoculation of Pf736 
against H. cajani plus M. incognita caused a greater increase in plant growth and yield 
followed by Rhizobium and B739. Individual inoculation of Pf736 against M. incognita 
plus F. udum showed maximum increase in plant growth followed by B739 and 
Rhizobium while yield was greater in plants inoculated with Rhizobium followed by 
Pf736 and B739. Inoculation of all the three isolates together against pathogens caused 
greatest increase in plant growth and yield followed by Rhizobium plus Pf736 and 
Rhizobium plus B739. Modulation was high in plants inoculated with Rhizobium. 
Combined inoculation of pathogens had an adverse effect on nodulation while B 739 and 
Pf 736 had no effect on nodulation (Table 35). 
Inoculation of all the three isolates together against pathogens showed maximum 
reduction in galling and cysts per root system followed by Rhizobium plus Pf736 and 
Table 35. Effects of Bacillus (B 739) and Pseiidomonas (Pf 736) (isolated m 2007) and 
Rhizobium sp. on the growth and yield of pigeon pea in plants inoculated with pathogens 
simultaneously under field condition. 
Treatments 
Control 
(C) 
Rhizobium 
(R) 
Pf/36 
B739 
R+ Pf736 
R+B739 
R+Pf736 + 
B739 
L.S.D p=0 
C 
HM 
Mr 
HF 
HMF 
C 
HM 
MP 
HP 
HMF 
C 
HM 
MF 
HF 
HMF 
C 
HM 
MF 
HF 
HMF 
C 
HM 
MF 
HF 
HMF 
C 
HM 
MF 
HF 
HMF 
C 
HM 
MF 
HF 
HMF 
05 
Plant length 
(cm) 
246 4e 
146 9t 
140 6u 
134 2v 
122 6vv 
260 4bc 
168 51mn 
165 6op 
162 5pq 
156 4rs 
258 2cd 
174 6hii 
170 21m 
167 8mn 
159 6qr 
255 4d 
170 5klm 
166 6no 
162 8pq 
153 6s 
262 7ab 
177 5gh 
173 6ijk 
170 21m 
162 3q 
260 4bc 
175 3hi 
171 6jkl 
168 71mn 
160 Iq 
265 4a 
182 3f 
I79 2fg 
176 3ghi 
169 41mn 
3 2 
Plant fresh 
weight (g) 
439 2e 
264 7v 
252 8w 
244 2x 
220 6y 
468 Obc 
303 6mn 
298 4p 
292 3qr 
282 6t 
464 8c 
314511 
307 Ski 
302 6no 
286 4st 
460 Id 
307 4kl 
300 2op 
293 5q 
277 4u 
4717b 
319 2h 
313 2i| 
307 2klm 
292 6qr 
470 1b 
315 9hi 
310 4jk 
304 21mno 
289 Irs 
479 2a 
330 If 
324 3g 
3194h 
306 4klmn 
4 1 
Plant dr)' 
weight (g) 
139 92d 
84 73q 
80 88r 
77 96s 
70 75t 
148 76ab 
96 43hijkl 
94 661m 
92 86mn 
90 09op 
I47 76abc 
100 03fg 
98 lOghij 
96 30ijkl 
91 52no 
145 95c 
98 62fghi 
96 35hijkl 
93 lOmn 
88 85p 
146 90bc 
99 80fg 
97 70ghijk 
95 60kl 
90 85nop 
146 55bc 
98 76fgh 
96 89hijkl 
95 021m 
90 iOop 
149 70a 
103 05e 
100 95ef 
99 78fg 
96 lOikl 
2 42 
No of 
pods/plant 
163c 
92kl 
84n 
76p 
60r 
I73ab 
102ghi 
97ijk 
84n 
77op 
167bc 
102ghi 
91klm 
86!mn 
76p 
166c 
94ik 
85mn 
83no 
67q 
177a 
114de 
104gh 
99hij 
861mn 
176a 
107fg 
96ijk 
92kl 
80nop 
179a 
120d 
l l l e f 
104gh 
92kl 
6 
Grain 
weight/plant 
(g) 
144 2d 
81 61 
75 Ino 
69 4r 
55 8t 
156 4ab 
93 Ih 
87 2i 
77 6m 
70 5qr 
147 2c 
93 8h 
84 6jk 
76 4mn 
71 7qr 
146 4cd 
87 3i 
82 5kl 
73 lop 
66 8s 
156 4ab 
101 6f 
93 7h 
88 4i 
77 5m 
155 lb 
95 3h 
86 4ij 
82 21 
72 6pq 
158 4a 
106 7e 
98 4g 
93 7h 
82 8kl 
2 3 
No of 
nodules 
per root 
system 
20| 
6k 
3kl 
3kl 
11 
84b 
34cdef 
29fghi 
26hi 
26hi 
24ij 
5kl 
5kl 
3kl 
3kl 
2Qi 
6k 
4kl 
2kl 
2kl 
87ab 
36cde 
32defg 
29fghi 
25ij 
87ab 
37cd 
32defg 
28ghi 
26hi 
91a 
39c 
35cde 
31efgh 
29fghi 
5 
C= control, H= Heterodera cajani, M= Meloidogyne incognita, F= Fusanum udum 
R+B739 RtPf736+B739 
R+B739 R+Pf736+B739 
- 3 
I 
- H F MF —ft—HMF 
8739 RtPf736 
Treatments 
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Fig 18 Effects of B 739 and Pf 736 (isolated in 2007) in the presence of Rhizobium on 
cyst formation, galling and wilting of pigeon pea plants simultaneously inoculated with 
pathogens under field condition. 
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Rhizobium plus B739 (Fig 18). In individual inoculation, Pf736 caused a greater 
reduction in galling and cysts per root system followed by B739 and Rhizobium. 
Inoculation of all the isolates together reduced wilting index to 1 in plants inoculated with 
all the three pathogens and also in plants with F. udum plus H. cajani I M. incognita. 
Inoculation of Rhizobium plus Pf736 or Rhizobium plus B739 caused a similar reduction 
in wilting index. Inoculation of Pf 736 / B 739 or Rhizobium reduced wilting indices from 
3 to 4 in plants with 2 and 3 pathogens respectively (Fig. 18). 
Siderophores production 
Siderophores production by Pseudomonas isolates was observed on Chrome 
Azurol S (CAS) agar medium to correlate the with their biocontrol potential. Out of 4 
potential isolates of 2005, Isolate Pa324 showed greater siderophores production 
followed by Pa70, Pfl8 and Pal 16 (Plate III). Similarly, isolates Pf 605 showed greater 
siderophores production followed by Pa616, Pf611 and Pf604 from the isolates of 2006 
(Plate III). Out of 20 isolates of 2007, 12 isolates showed production of siderophores. 
Isolate P736 showed greater siderophores production followed by Pf 719, Pa 737 and Pf 
705. Eight isolates were unable to produce siderophores (Plate IV). 
Total 23 isolates were tested for biocontrol potential in pot and field trials, 6 
isolates (Pa324, BIS, B615, Pf605 Pf736 and B739) were found potential for the 
biocontrol of wilt disease complex of pigeon pea after pot and field trials of 3 years. On 
the other hand, 6 isolates namely B2, B 605, B 608, P 708, Pa 711 and Pf 736 have 
shown the ability to increase the seedling growth, phosphate solubilization, lAA 
production appreciably. These isolates may also be used as biofertilizers for increasing 
growth and yield of pigeon pea. 
Siderophores production by isolates of Pseudomonas 
Pf18 
Pa70 
Pa116 
Pa324 
Plate- III 
Siderophores production by isolates of Pseudomonas 
P70 
a711 
705 
P726 P725 PfT 
Pf73e Pf719 
Plate-IV 
Chapters 
DISCUSSION 
About 73 % pigeon pea fields were found to be infected with pigeon pea cyst nematode 
Heterodera cajani while Meloidogyne spp. was present in 59% fields. Wilt fungus 
Fusarium udum was recorded from 46 % fields. In 37% fields, pigeon pea roots were 
simultaneously infected with F. udum, H. cajani and Meloidogyne spp. causing a wilt 
disease complex. Plants infected with these pathogens were very poor in growth, showing 
galling and cysts on roots and wilt symptoms on the aerial plant parts. Moreover, 
chlorosis and nutrient deficiency symptoms were also visible on their aerial parts. The 
synergistic interaction between these pathogens is known to cause severe damage to 
pigeon pea and is a major constraint in its successful cultivation (Edward and Singh 
1979; Hasan 1984; Singh et al, 1993; Siddiqui and Mahmood 1996a, 1999a). Therefore, 
attempts were made to use isolates of Bacillus and Pseudomonas for the management of 
wilt disease complex of pigeon pea. 
Twenty isolates of Bacillus and Pseudomonas were isolated in 2005 from the 
pathogen suppressive soils of pigeon pea fields. These isolates were tested for their effect 
on hatching of M wcogn/Ya and penetration of M incognita and H. cajani. Colonizafion 
of root and antifiingal activity of these isolates were also assessed. Four isolates namely, 
Pal 16, Pa324, B18 and B160 have shown antifungal activity. These isolates also caused 
greater colonization of root and inhibition in hatching and penetration of nematodes. 
Isolate Pa324 produced greater fluorescence than other Pseudomonas isolates in King's B 
medium. Isolates PflS and Pa70 although not having antifungal activity but caused 
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greater colonization of root and also had inhibition of hatching and penetration of 
nematodes. Isolate Pal2 though caused greater inliibition of hatching and penetration of 
nematodes than the selected isolates but it did not have antifungal activity. Isolates 
having aggressive root colonization and inliibitory effect on hatching and penetration of 
nematodes are known to suppress diseases (Siddiqui ei al, 2007). Isolates Pa 324 and B 
160 also caused greater lAA production, phosphate solubilization and increase in 
seedling growth. Therefore, isolates Pa 116, Pa324, Pa 70, Pf 18, B18 and B160 were 
selected for the management of wilt disease complex of pigeon pea under pot and field 
condition. 
Isolates Pa 116, Pa 324, Pa 70, Pf 18, B18 and B 160 (isolated in 2005) were 
tested for the management of wilt disease complex of pigeon pea under pot and field 
condition. Pseudomonas spp. have an exceptional capacity to produce a wide variety of 
metabolites, including antibiotics that are toxic to plant pathogens. Fluorescent 
pseudomonads are known to suppress various plant diseases (Lemanceau and 
Alabouvette, 1993). For many pseudomonads, production of metabolites such as 
antibiotics, siderophores and hydrogen cyanide (HCN) is the primary mechanism of 
biocontrol (Weller and Thomashow, 1993). Pseudomonas aeruginosa 78 produce a polar 
substance heat labile, sensitive to extreme pH value causing in vitro juvenile mortality of 
M. javanica (Ali et al, 2002). Pseudomonas fluorescens has the capacity to colonise 
plant surfaces, therefore, contribute to epiphytic fitness on plant surfaces, such as iron 
acquisition and stress tolerance. P. fluorescens produces a range of antibiotics including 
pyrrolnitrin, pyoluteorin and 2,4-diacetylphloroglucinol. It also produces hydrogen 
cyanide and the siderophores pyochelin and pyoverdine, which can suppress target 
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pathogens in the rhizosphere through iron competition. Moreover, many strains of 
pseudomonads can directly protect the plant by inducing systemic resistance against 
various pests and diseases (Van Loon et al., 1998; Ramamoorthy et al, 2001; Zehnder et 
al., 2001). Isolate Pa324 {P. aeruginosa) provided better biocontrol than other isolates 
used. Pa324 produced greater siderophore and lAA than other isolates used in the study. 
Moreover, HCN production by Pa324 was also greater than Pfl8 and Pal 16. Better 
performance of Pa324 in pot and field trails may be attributed to greater siderophore, 
lAA and HCN productions. Fluorescent pseudomonads play a critical role on naturally 
occurring soil that is suppressive to Fusarium wilt (Mazzola, 2002) and may be used for 
the biocontrol of many plant pathogens (Siddiqui, 2004; 2006; Siddiqui and Singh, 
2005b). Bacillus isolate B 18 though provided biocontrol but less than Pa 324. Isolate B 
18 caused greater inhibition in hatching and penetration of nematode and had antifungal 
activity against F. udum. B 18 also caused greater lAA production, phosophate 
solubilization, increase in seedling growth. Bacillus spp. are able to form endospores that 
allow them to survive extended period under adverse environmental condition. Bacillus 
spp. has been reported to promote growth to wide range crops (De Freitas et al, 1997; 
Kokalis-Burelle, et al., 2002) and is effective biocontrol agents of many microbial 
diseases. Bacillus spp. produces an antifungal antibiotic against a broad range of 
pathogenic fungi (Jung and Kim, 2003). 
Use of Rhizobium alone its application with Pseudomonas / Bacillus isolates 
namely Pa 116, Pa 324, Pa 70, Pf 18, B18 and B160 caused an increase in plant growth. 
The populations of both nematodes and wilting indices were also reduced in Rhizobium 
inoculated plants. Root nodules induced by Rhizobium fix atmospheric nitrogen and are 
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reported to produce toxic metabolites inhibitory to many plant pathogens (Haque and 
Ghaffar, 1993). Barker and Huisingh (1970) observed necrosis in nodular tissues 
following invasion by nematodes, this may account in part for reduced nematode 
development. Rhizobium leguminosarum is reported to produce increased levels of 
phytoalexin (4-hydroxy-2, 3, 9, trimethoxy pterocarpan) in pea (Chakraborty and 
Chakraborty, 1989). Rhizobium secretes rhizobitoxine (Chakraborty and Purkayastha, 
1984) while Roslycky (1967) reported production of an antibiotic bacteriocin by rhizobia. 
All this suggests that application of rhizobia which increase nitrogen content and plant 
growth can also reduce the adverse effect of plant pathogens (Siddiqui and Mahmood, 
1995c). Combined application of Bacillus I Pseudomonas isolates with Rhizobium 
resulted in more nodulation, greater colonization of root. This provided better plant 
growth besides reducing damage by pathogens as reported by Siddiqui et al. (2007). 
Isolates Pa 324 and B18 were found best for the management of wilt disease complex of 
pigeon pea under pot condition, therefore these isolates were tested alone and in 
combination under field condition 
Single biocontrol agent sometimes account for the inconsistent performance 
because a single agent is not active in all soil environments or against all pathogens that 
attack the host plant (Siddiqui and Akhtar 2008a, b). On the other hand, mixtures of 
biocontrol agents with different plant colonization patterns may be useful for the 
biocontrol of different plant pathogens via different mechanisms of disease suppression. 
Moreover, mixtures of biocontrol agents with taxonomically different organisms that 
require different optimum temperature, pH, and moisture conditions may colonise roots 
more aggressively, improve plant grov l^h and efficacy of biocontrol. Therefore, control 
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efficacy achieved by biocontrol agents exhibiting several distinct mechanisms of control 
will result in additive or synergistic effects. The biocontrol agents which have different 
traits in soil and rhizosphere may be used together for the biocontrol of plant pathogens 
via different mechanisms of disease suppression. Therefore, B18 and Pa 324 were tested 
alone and in mixture for the biocontrol of wilt disease complex of pigeon pea. These 
isolates in mixture provided better biocontrol than the use of either of them. This may be 
due to positive interaction of these isolates that resulted in better results. Jetiyanan et al., 
(2003) observed that a mixture of Bacillus strains induced systemic resistance against 
many plant pathogens. Inoculation of Rhizobium with Bacillus and Pseudomonas isolates 
was also found useful for biocontrol of wih disease complex in pot and field condition. 
Rhiozobia are well known as the microbial symbiotic partners of legumes, can produce 
phytohormones, siderophores, HCN, and solubilize sparingly soluble organic and 
inorganic phosphate (Antoun et al., 1998). Inoculation of Rhizobium is known to increase 
growth and yield of many crops (Hoflich et al., 1994; Chabot et al., 1996; Antoun et al. 
1998). Reitz et al. (2000) showed the lipopolysaccharides of Rhizobium etli G12 induced 
systemic resistance to infection of cysts nematode Globodera pallida into potato roots. 
Yield potential of leguminous crops depends on the associated rhizobia and plant 
genotype that together influence the symbiotic performance and the symbiosis response 
to biotic and abiotic stresses (Castillo et al, 2008). Breil et al. (1996) reported that 
Rhizobium spp. have the capability to produce trifolitoxin and have antimicrobial activity 
against the pathogens. Rhizobia have several mechanisms of action that allow them to 
control pathogens. These mechanisms include competition for iron by production of 
siderophores (Carrillo and Del Rosario, 1992; Arora et al, 2001), competition for 
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nutrients (Essalmani and Lahlou, 2003), production of antibiotics (Chakraborty and 
Purkayastha, 1984; Haque and Ghaffar, 1993), promotion of plant growth, in terms of 
better shoot height, root length, dry weight and root nodulation (Siddiqui et ai, 2000; 
Siddiqui and Mahmood, 2001), and'induction of plant defence mechanisms (Abdelaziz et 
ai, 1996). 
Out of 40, 9 isolates of Pseudomonas I Bacillus namely Pf 604, Pf605, Pf 611, Pa 
616, B 602, B 603, B 605, B 615, and B 618 (isolated in 2006) were selected on the basis 
of antifungal activity, better colonization of root and greater inhibitory effect on hatching 
and penetration of M. incognita and H. cajani. These isolates were tested for the 
management of wilt disease complex of pigeon pea under pot and field condition. Role of 
Bacillus I Pseudomonas isolates and Rhizobium in improving growth of pathogen 
inoculated plants and reducing their multiplication has already been discussed. Out of 
Pseudomonas isolates tested, Pf 605 and Pf 611 have shown high production of HCN 
while production of HCN by Pa 616 and Pf 604 was moderate and low respectively. 
Similarly, increase in seedling growth caused by Pf 605 was high followed by Pa 616, Pf 
611, Pf 604. Moreover, siderophores production by Pf 605 was high followed by Pa 616, 
Pf 604 and Pf 611. These isolates (Pf 604, Pf605, Pf 61 land Pa 616) also caused lAA 
production and solubilization of phosphate. Therefore, reasons for Pf 605 being most 
effective for the biocontrol of wilt disease complex may by attributes to its high 
production of HCN and siderphores and greater increase in seedling growth. Moreover, 
many strains of pseudomonads can directly protect the plants by inducing systemic 
resistance against various pests and diseases (Van Loon et ah, 1998; Ramamoorthy et ai, 
2001; Zehnder et al, 2001). Isolate B615 caused the highest increase in plant growth 
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followed by B603, B 605, B602 and B618. B615 also had great adverse effect on cyst 
formation and root galling and wilting index than other Bacillus isolates used. Isolate 
B615 caused greater lAA production, high phosphate solubilization and also caused high 
increase in seedling growth followed by B605, B602, B603 and B618. Therefore, reasons 
for B 615 being most effective for the biocontrol of wilt disease complex may by 
attributes to its high lAA production, phosphate solubilization and greater increase in 
seedling growth. Combined application of Pf 605 and B 615 vj\Xh Rhizobium resulted in 
greater colonization of root and nodulation than individual application. This may be a 
reason for better plant growth. Reduced disease intensity in combined application of 
Rhizobium with Pf 605 and B 615 was observed in the present study has also been 
reported earlier because they inhibited pathogens more efficiently than when inoculated 
individually (Siddiqui and Akhtar 2009c). 
Forty three isolates of Bacillus and Pseudomonas (isolated in 2007) were tested 
for antifungal activity, effect on hatching of M incognita and penetration of M incognita 
and H. cajani and colonization of roots by these isolates. Isolates namely B 727, B731, 
B739, B 742, Pf 718, Pf 719, Pf 736 and Pa 737 had antifungal activity, higher adverse 
effect on hatching and penetration of nematodes and greater colonization of roots. Isolate 
B 742, B739 and Pf 736 also had greater lAA production, phosphate solubilization and 
caused greater increase in seedling growth. Therefore, isolates B727, B731, B739, B742, 
Pf 718, Pf 719, Pf 736 and Pa 737 were selected for the management of wilt disease 
complex of pigeon pea under pot and field condition. 
Among Pseudomonas isolates, Pf736 and Pa737 were best in improving plant 
growth and reducing galling, cyst formation and wilting index than the other isolates 
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used. Role of Pseudomonas in improving plant grov.'th of pathogen inoculated plants has 
already been discussed. Isolates Pf736 and Pa737 caused greater colonization of root than 
the other isolates. This may be why isolates Pf736 and Pa737 caused greater increase in 
plant growth and greater reduction in nematode multiplication than the other isolates in 
this study. Moreover, greater seedling growth and greater phosphate solubilization was 
observed with these isolates than with the other isolates tested. This also confirms that 
these isolates have greater plant growth promoting effect than caused by other isolates. 
Isolate Pf736 and Pa737 produced greater amount of siderophores, HCN, lAA and 
colonized the roots greater than other isolates used. Good inliibition of nematodes in 
rhizospheric condition was achieved by Pf736 and Pa737 than other isolates used because 
these isolates were able to produce more HCN and siderophores which are reported to 
antagonize plant pathogens (Siddiqui et al, 2007). Among Bacillus isolates, B 739 and B 
731 were best in improving plant growth by reducing galling, cyst formation and wilting 
index. Role of Bacillus in improving plant growth of pathogen inoculated plants has 
already been discussed. 
Rhizobium, Pf 736 and B 739 when inoculated together improved growth better, 
reduced galling, cyst formation and wilt disease greater than each inoculated alone This 
may be due to increased in availability of N and P made by Rhizobium and Pseudomonas 
/ Bacillus respectively as these nutrients had adverse effect on nematode multiplication 
(Barker and Huisingh, 1970; Pant et a/.,1983). Use of Rhizobium with Pseudomonas / 
Bacillus has been reported to reduce multiplication of nematodes on leguminous crops 
(Siddiqui and Singh, 2005b; Siddiqui et al, 2007). Combined application of 
Pseudomonas / Bacillus with Rhizobium resulted in greater colonization of root and 
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nodulation than individual application which may be a reason for better plant growth. 
Reduced disease intensity in combined application of Rhizobium with Pseudomonas I 
Bacillus was observed in the present study has also been reported earlier because they 
inhibited pathogens more efficiently than when inoculated individually (Siddiqui and 
Akhtar 2009c). 
The present study demonstrate that a root nodule bacterium Rhizobium and plant 
growth promoting rhizobacteria Pseudomonas / Bacillus can coexist without exhibiting 
adverse effects on each other. These biocontrol agents may be used concomitantly for the 
biocontrol of diseases. Therefore, in future studies more detailed investigations of the 
relationships in various pathosystems and interactions between the microorganisms and 
the host plant are needed for developing biocontrol of related plant diseases. For the 
practical application of these biocontrol agents in the field, inocula of Pseudomonas / 
Bacillus may be mixed in the charcoal culture of Rhizobium and the mixture of these 
biocontrol agents may be used as seed treatment. This may provide protection against 
wilt disease complex of pigeon pea and would be useful for the successful cultivation of 
pigeon pea under field conditions. 
Chapter 6' 
SUMMARY AND CONCLUSIONS 
One thousand three hundred forty soil and root samples were collected from 67 districts 
of U.P. Examination of these samples revealed the presence of Heterodera cajani in 975 
samples while Meloidogyne spp. was recorded in 794 samples. Fusarium udum was 
isolated from 619 samples. Out of 619samples, in 497 samples F. udum was associated 
with H. cajani and Meloidogyne spp. causing a wilt disease complex. Population of H. 
cajani and Meloidogyne spp. was generally high ranging 12-216 cysts and 130-673 
juveniles per 250 g soil respectively. 
Total 103 isolates of fluorescent pseudomonads and Bacillus spp. were isolated 
from pathogen suppressive soils of 67 districts. Identification of Pseudomonas and 
Bacillus isolates were confirmed by growing on King's B medium and Casein agar plus 
glucose (CAG) medium respectively. Biochemical tests show that 53 isolates of Bacillus 
may belong to B. coagulans, B. macerans, B. cereus and B. circulans. Tests for the 
identification oi Pseudomonas show that out of 50 isolates, 13 isolates may belong to P. 
fluorescens while 23 isolates are comparable with P. aeruginosa. Remaining 14 isolates 
may belong to some other species o{Pseudomonas and need further characterization. 
Out of 103, 20 isolates oi Bacillus and Pseudomonas (isolated in 2005) were 
tested for their effect on the hatching of Meloidogyne incognita and penetration of M. 
incognita and H. cajani in pigeon pea roots. Effect of Pseudomonas isolates on hatching 
of M. incognita and penetration of M. incognita and H. cajani in pigeon pea was found 
inhibitory ranging from 38 to 95 per cent. Isolate Pa324 caused minimum inhibition in 
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hatching and penetration while Pal2 caused maximum inhibition. Similarly, Bacillus 
isolates had 35 to 89 per cent inhibition in hatching and penetration of nematodes. Isolate 
B160 caused minimum inhibition while B270 caused maximum. Four isolates namely 
Pal 16, Pa324, B160 and B18 showed antifungal activity against F. udum. All the 20 
isolates of Bacillus and Pseudomonas caused significant increase in the growth of pigeon 
pea seedling except isolate Bl 8. Maximum increase in the seedling growth was caused by 
Pa 20 followed by B 2 and Pa 324. All the 20 isolates of Bacillus and Pseudomonas 
caused solubilization of phosphate. Maximum phosphate solubilization was caused by B 
2 followed by B 31, B 160 and B 12. Least phosphate solubilization was caused by 
isolate Pa 28. All the 20 isolates also caused lAA production. Maximum lAA production 
was shown by B 2, B 160, B 270, Pa 324 and Pa 233. Least lAA production was obtained 
from B 18. All the 10 isolates of Pseudomonas showed HCN production. Isolate Pa 20 
showed high production of HCN, 6 isolates showed moderate HCN production while 3 
isolates caused low production of HCN. On the basis of inhibitory effect on nematode 
hatching and penetration, colonization of root and antiflingal activity, 6 isolates (Pa70, 
Pfl8, Pal 16, Pa324, B18 and B160) were selected for the biocontrol of wih disease 
complex of pigeon pea. Isolate Pa324 was found best for the biocontrol of wilt disease 
complex followed by B18, Pfl8, Pa70, Pal 16 and B160 under pot condition. Isolate 
Pa324 caused greater reduction in multiplication of M incognita and H. cajani and also 
reduced wilting caused by F. udum. Under field condition too, Pa324 was best in 
reducing wilt disease complex of pigeon pea followed by B18. Combined use of Pa324 
with B18 provided better biocontrol of wilt disease complex than the use of either of 
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them. Application of these isolates (Pa324 and B18) with Rhizobium caused about 30% 
increase in yield under field condition. 
Out of 103, 40 isolates oi Bacillus and Pseudomonas were isolated in 2006 
from pathogen suppressive soils. These isolates were tested for the biocontrol of wilt 
disease complex of pigeon pea. Effects of Pseudomonas isolates on hatching of M. 
incognita and penetration of M. incognita and H. cajani in pigeon pea was found 
inhibitory ranging from 3 to 88 per cent. Isolate Pa606 caused minimum inhibition in 
hatching and penetration while Pf605 caused maximum inliibition. Bacillus isolates had 8 
to 88 per cent inhibition in hatching and penetration of nematodes. Isolates B614 caused 
minimum inhibition while B615 caused maximum inhibition. Eleven isolates of 
Pseudomonas (Pa601, Pa602, Pa603, Pf605, Pa606, Pf607, Pa610, Pa612, Pa613, Pa616 
and Pa618) and 12 isolates of Bacillus (B602, B604, B605, B607, B608, B609, B611, 
B612, B613, B615, B616 and B618) showed antifungal activity against F. udum. 
Colonization of roots caused by Pseudomonas isolates varied from 0.8 x 10'* to 2.1x10'* 
colony forming units (CPU) per g root. Isolates Pa606 and P619 caused minimum 
colonization of root while isolates Pf605 and Pa616 had maximum root colonization. 
Similarly, colonization of root caused by Bacillus isolates varied from 0.4 x 10^  to 1.9 x 
10 CPU per g root. Minimum colonization of root was caused by B614 while maximum 
by isolates B605 and B615. All the 20 isolates of Bacillus caused a significant increase in 
the growth of pigeon pea seedling. Maximum increase in the seedling growth was caused 
by B 608 and B 615 followed by B 617 and B 605. However, minimum increase in the 
seedling growth was caused by B 619. All the 20 isolates of Bacillus caused phosphate 
solubilization. Maximum phosphate solubilization was caused by B 607 and B 615 
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followed B 606, B601 and B 603. Least phosphate solubilization was caused by B 609. 
All the 20 isolates of Bacillus also caused lAA production. Maximum lAA production 
was shown by B 608 and B 615 while least from B 607. Similarly, 20 isolates of 
Pseudomonas caused a significant increase in the growth of pigeon pea seedling except 
isolates Pa 603 and Pa 613. Maximum increase in the seedling growth was caused by P 
618 and Pf 605 while minimum by Pa 619. All the 20 isolates oi Pseudomonas caused 
phosphate solubilization. Maximum phosphate solubilization was caused by P 618 
followed by Pa 615, P 617 and Pa 619. Least phosphate solubilization was caused by Pa 
612. All the 20 isolates oi Pseudomonas also caused lAA production. Maximum lAA 
production was shown by P 618 followed by Pf 608 and Pf 605. However, least lAA 
production was obtained from Pf 604. All the 20 isolates oi Pseudomonas showed HCN 
production. Isolates Pf 605, Pf 608, Pf 611, Pa 615 and P 618 showed high production of 
HCN. Thirteen isolates showed moderate production while 2 isolates caused low 
production of HCN. On the basis of inhibitory effect on nematode hatching and 
penetration, colonization of root and antifungal activity, 9 isolates (Pf604, Pf605, Pf611, 
Pa616, B602, B603, B605, B615 and B618) were selected for the biocontrol of wih 
disease complex of pigeon pea. Pot experiment revealed that isolate B615 was best for 
the biocontrol of wilt disease complex of pigeon pea followed by Pf605, Pf604, B603, 
Pf611, Pa616, B605, B602 and B618. Use of these isolates with Rhizobium provided 
better biocontrol of wilt disease complex than in the absence. Under field condition too, 
Isolate B615 was found best for the biocontrol of wilt disease complex followed by 
Pf605. Use of these isolates with Rhizobium was more beneficial for the biocontrol of 
wilt disease complex than the use of these isolates without Rhizobium. Combined use of 
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B6I5 and Pf 605 with Rhizobium provided better management of wilt disease complex of 
pigeon pea than the use of these isolates alone. 
Forty three isolates of Bacillus and Pseudomonas (isolated in 2007) were 
tested for their biocontrol potential against wilt disease complex of pigeon pea. Effect of 
Pseudomonas isolates on hatching of M incognita and penetration of M incognita and H. 
cajani in pigeon pea was found inliibitory ranging from "27 to 94 per cent. Isolate P708 
caused minimum inhibition in hatching and penetration of nematodes while Pa737 caused 
maximum inhibition. Similarly, Bacillus isolates had 33 to 84 per cent inhibition in 
hatching and penetration of M. incognita and H. cajani. Isolates B720 caused minimum 
inhibition while B739 caused maximum inhibition of nematodes. Eight isolates of 
Pseudomonas (Pf705, Pa710, Pf718, Pf719, P725, Pf736, Pa737 and Pn40) and 10 
isolates of Bacillus (Bill, B723, B724, B727, B728, B729, B731, B732, B739, and 
B742) showed antifungal activity against F. udum. Colonization of root caused by 
Pseudomonas isolates varied from 1.2 x 10'* to 2.3 xlO'' CPU per g root. Similarly, 
colonization by Bacillus isolates was from 1.1 x 10^  to 2.0 x lO'' CPU per g root. All the 
20 isolates of Pseudomonas caused a significant increase in the growth of pigeon pea 
seedling. Maximum increase in seedling growth was caused by P 708 followed by Pa 711 
and Pf 736. Minimum increase in the seedling growth was caused by P 725. All the 20 
isolates of Pseudomonas caused phosphate solubilization. Maximum phosphate 
solubilization was caused by Pf 716 followed by Pf 736, Pa 737 and P 701. Least 
phosphate solubilization was caused by P 704. All the 20 isolates of Pseudomonas also 
caused lAA production. Maximum lAA production was shown by Pa 711 followed by P 
708 and Pf 736 while least lAA production was obtained from P 709. All the 20 isolates 
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of Pseudomonas showed HCN production. Isolates P 708, Pa 711 and Pf 736 showed 
high production of HCN. All the 23 isolates of Bacillus caused a significant increase in 
the growth of pigeon pea seedling. Maximum increase in the seedling growth was caused 
by B 713 followed by B 706 and B 742. Minimum increase in the seedling growth was 
caused by B 723. All the 23 isolates of Bacillus caused phosphate solubilization. 
Maximum phosphate solubilization was caused by B 728 and B 738 while least was 
obtained from B 724. Ail the 23 isolates of Bacillus also caused lAA production. 
Maximum lAA production was shown by B 742 followed B 707 and B 739 while least 
was obtained from B 733. On the basis of inhibitory effect on hatching and penetration of 
nematodes, colonization of root and antifungal activity, 8 isolates (Pf718, Pf7I9, Pf736, 
Pa737, B727, B731, B739, and B742) were selected for the biocontrol of wilt disease 
complex of pigeon pea. Pot experiment revealed that isolate Pf736 was best for the 
biocontrol of wilt disease complex of pigeon pea followed by B739, B731, Pa737, Pf718, 
Pf719, B742 and B727. Use of these isolates with Rhizobium provided better biocontrol 
of wilt disease complex than in the absence of Rhizobium under pot condition. Similarly, 
isolate Pf736 was found best for the biocontrol of wilt disease complex under field 
condition followed by B739. Use of Pf 736 and B 739 wdth Rhizobium was more 
beneficial for the biocontrol of wilt disease complex under field condition than the use of 
these isolates without Rhizobium. Combined use of Pf736 and B739 with Rhizobium 
provided better biocontrol of wilt disease complex of pigeon pea than the use of these 
isolates alone. 
Siderophores production by Pseudomonas isolates was estimated to correlate the 
with their biocontrol potential. Out of 4 potential isolates of 2005, Pa324 showed greater 
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siderophores production followed by Pa70, Pfl8 and Pal 16. Similarly, Pf 605 showed 
greater siderophores production followed by Pa616, Pf611 and Pf604 from the isolates of 
2006. Out of 20 isolates of 2007, 12 isolates were found positive for the production of 
siderophores. Isolate P736 showed greater siderophores production while P717 the least. 
Out of 103 isolates, 23 isolates were tested for biocontrol potential in pot and 
field trials, 6 isolates (Pa324, B18, B615, Pf605.Pf736 and B739) were found potential 
for the biocontrol of wilt disease complex of pigeon pea after pot and field trials. 
However, isolates B2, B 605, B 608, P 708, Pa 711 and Pf 736 have shown the ability to 
increase the seedling growth, phosphate solubilization, lAA production appreciably. 
These isolates may also be used as biofertilizers for increasing growth and yield of 
pigeon pea. 
The findings of my study lead to the following conclusions: 
1. Out of 1340 soil and root samples collected from 67 districts of U.P., 37 % samples 
were found to be infected with F. udum together with H. cajani and Meloidogyne spp. 
causing a wilt disease complex of pigeon pea. 
2. Total 103 isolates of fluorescent pseudomonads and Bacillus spp. were isolated from 
pathogen suppressive soils of 67 districts of U.P. and tested for the biocontrol of wilt 
disease complex of pigeon pea. 
3. Out of 20 isolates of Bacillus and Pseudomonas isolated in 2005, isolate Pa324 was 
found best for the biocontrol of wilt disease complex of pigeon pea followed by B18, 
Pfl8, Pa70, Pal 16 and B160 under pot condition. 
4. Under field condition, Pa324 was best for management of wilt disease complex of 
pigeon pea followed by B18 from isolates of 2005. Combined use of Pa324 with B18 
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provided better biocontrol of wilt disease complex than the use of either of them. 
Application of Pa324 and B18 with Rhizobium caused about 30% increase in yield under 
field condition. 
5. Out of 40 isolates of Bacillus and Pseudomonas isolated in 2006, isolate B615 was 
found best for the biocontrol of wilt disease complex of pigeon pea followed by Pf605, 
Pf604, B603, Pf611, Pa616, B605, B602 and B618. Use of these isolates with Rhizobium 
provided better biocontrol of wilt disease complex than in the absence of Rhizobium. 
6. Among isolates of 2006, B615 was found best for the biocontrol of wilt disease 
complex followed by Pf605 under field condifion. Combined use of B615 plus Pf 605 
with Rhizobium provided better management of wilt disease complex of pigeon pea than 
the use of these isolates alone. 
7. Out of 43 isolates of Bacillus and Pseudomonas isolated in 2007, isolate Pf 736 was 
best for the biocontrol of wilt disease complex of pigeon pea followed by B739, B731, 
Pa737, Pf718, Pf719, B742 and B727. Use of these isolates with Rhizobium provided 
better biocontrol of wilt disease complex than in the absence of Rhizobium under pot 
condition. 
8. Out of 8 isolates of 2007 tested, isolate Pf736 was found best for the biocontrol of wilt 
disease complex followed by B739 under field condition. Combined use of Pf736 plus 
B739 with Rhizobium provided better biocontrol of wilt disease complex of pigeon pea 
than the use of these alone. 
9. Siderophores production by Pseudomonas isolates was estimated to correlate the with 
their biocontrol potential. Out of isolates of 2005, Pa324 showed greater siderophores 
production. Similarly, Isolates Pf 605 showed greater siderophores production fi-om the 
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isolates of 2006. Moreover, isolate P736 showed greater siderophores production from 
isolates of 2007. 
10. Twenty three isolates of Bacillus I Pseudomonas tested for biocontrol potential in pot 
and field trials, 6 isolates (Pa324, B18, B615, Pf605 Pf736 and B739) were found 
potential for the biocontrol of wilt disease complex of pigeon pea after pot and field 
trials. 
11. Out of 103, 6 isolates namely B2, B 605, B 608, P 708, Pa 711 and Pf 736 have 
shown the ability to increase the seedling growth, phosphate solubilization, lAA 
production appreciably. These isolates may also be used as biofertilizers for increasing 
growth and yield of pigeon pea. 
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